
N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  

J. A. Hultberg 

P. E O’Brien 

March 1,1971 



N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  

J. A. Hulfberg 

P. F. O’Brien 

J L T 

C A L I F O R N I A  I N S T I T U T E  O S  T E C H N O  

P A S A D E N A ,  C 

March 1, 1971 



Prepared Under Contract N o .  NAS 7-1 00 
National Aeronautics a n d  Space Administration 



The work described in this report was performed by the Engineering Mechanics 
Division of the Jet Propulsion Laboratory. 

JPL T T 32-9476 i i i  





uction . . . . . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . . . .  1 

nclosure . . . . .  2 

erne . . . . . . . . . . . . . . . . . . . . . . .  9 

A . Calculation of @-Factor . . . . . . . . . . . . . . . . . . .  9 
B . Calculation of Radiosity . . . . . . . . . . . . . . . . .  - . . .  10 

C . Numerical Techniques . . . . . . . . . . . . . . . . . . . .  10 

t . . . . . . . . . . . . . . . . . . . . . . .  11 

A . Comment Cards . . . . . . . . . . . . . . . . . . . . . .  12 

B . Title Cards . . . . . . . . . . . . . . . . . . . . . . . .  12 

C . Data Cards . . . . . . . . . . . . . . . . . . . . . . . .  12 

D . Control Cards . . . . . . . . . . . . . . . . . . . . . . .  15 

art . . . . . . . . . . . . . . . . . . . . . . .  15 

. . . . . . . . . . . . . . . . . . . . . .  17 

rograrn Listing for . . . . . . . . . . . .  52 

en cla t w e  . . . . . . . . . . . . . . . . . . . . . . .  60 

eferences . . . . . . . . . . . . . . . . . . . . . . . . .  60 

1 . List of input variables for data cards . . . . . . . . . . . . . . . .  
2 . Values for PRINT vector . . . . . . . . . . . . . . . . . . . .  
3 . Example of handwritten data input listing for sample problem . . . . . . .  
4 . Computer printout of sample problem: temperature distribution 

13 

15 

19 

of an L-shape . . . . . . . . . . . . . . . . . . . . . . .  28 

re 

1 . Temperature distribution of an L-shape . . . . . . . . . . . . . . .  17 

Ab R E P O R T  32-1416 



vi 

A computer program (Thermal Analysis System I) was written to calculate 
steady-state temperatures for a radiation-conduction-coupled constant-property 
thermal model. A two-region spectral analysis is provided for the radiation portion 
of the computation. The “script 8” technique is used for infrared heat transfer and 
the radiosity technique is used for solar heat input. The program is designed for 
maximum ease of use from the user’s standpoint. The rules for order and placement 
of user input data to the program are almost free-form. The output is formatted 
for ease of user understanding and diagnosis of errors. Some user control of output 
is provided. 
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Development of a temperature control system to main- 
tain the various subsystems of a space vehicle within the 
proper temperature limits requires an understanding of 
the thermal properties of the components, the thermal 
coupling between the components themselves, and the 
coupling from the components to the surrounding en- 
vironment. The Thermal Analysis System I (TAS I) is 
designed as an easy-to-use digital computeT program for 
thermal design analysis. It fills the gap between “back of 
the envelope calculations” and computer codes that re- 
quire complex user input and is useful in two ways: (1) it 
may be used when a problem does not justify, or time 
does not permit, an analysis requiring a complex computer 
program; or (2) it may serve as a stepping-stone to more 
complex thermal analysis programs. The thermal analyst 
who is accustomed to working with complex thermal 
analysis programs and their input formats probably would 
not save much time by using TAS I. It is intended mainly 
for use as a design tool by the temperature control engi- 
neer who performs thermal analysis for system design, 
and should be heIpfuI for this purpose because the pro- 
gram coding is simplified and the input rules are easy to 
use and remember. The output is formatted for ease of 
user understanding and diagnosis of errors. 

1108 (EXEC 2), UNIVAC 1108 (EXEC 3), and CDC 6400. 
The code is written so that no changes are necessary in 
the FORTRAN statements when switching from one 
machine to another. The executive control cards must, of 
course, be changed from one computer installation to 
another, but this should offer no difficulty because con- 
versions from the IBM 7094 to other machines have been 
easily accomplished by users without the aid of the 
author. Although some character recognition is used in 
the program, it is done in such a manner that the program 
remains word-length-independent. The TAS I physical 
program has been submitted to COSMIC,* the NASA 
agency for general distribution. A listing of the source 
program is given in the Appendix. 

W S  

The Thermal Analysis System I (TAS I) combines a 
thermal analysis program with subprograms to compute 
the infrared conductance, or 8, and the heat input due 
to solar heating. 

The spectral analysis formulation i s  developed for two 
regions: (1) a solar region in which solar properties apply 

The program is written in FORTRAN IV and is opera- 
tional on the IBM 7094, IBM 360.6, IBM 360/65, UNIVAC 

*Computer Software Management and Information Center, Coin- 
puter Center, University of Georgia, Athens, Georgia, 30601, 
telephone (404) 542-3265. 



and (2) an infrared region in which the IR properties apply. This separation is possible because there are two widely dif- 
ferent temperature levels being considered: the high solar temperature and the much lower spacecraft temperature. 
The energy in the solar region due to the IR radiation is negligible in comparison with the solar energy itself. This 
widely used assumption makes it possible to compute the heat inputs in the solar region separately from the IR heat 
transfer. Thus, the heat inputs in the solar region are not a function of the spacecraft temperature. The problem solu- 
tion is therefore reduced to that of finding the spacecraft temperature distribution for a single wavelength region 
without the iteration procedures that would be necessary if multiple regions had to be considered. 

er i e 

Any real radiant-transfer system in an enclosure of arbitrary spatial distribution of boundary temperature, surface 
emissivity, and initial irradiation may be approximated or idealized by a finite set of discrete surfaces, each of which 
exhibits uniform temperature, radiant properties, and irradiation. The radiosity of discrete surface A( 1) in an enclo- 
sure represented by N discrete surfaces is given by the conservation relationship 

L (1) = L (01) + p (1) [ F (1,l) L (1) + F (1,2) L (2) + . . . + F (1, N )  L (N)] 

where 

L (1) = radiosity or flux density streaming from A(1) into the enclosure 

L (01) = flux density entering the system at A( l )  for thermal excitation equal to EIR (1) UT" (1) 

p (1) = 1 - EIR (1) or 1 - ESOL (l), the gray reflectance of A(l)  in some finite wavelength interval, dimen- 
sionless 

F (1, l),  F (1,2) = the form factors that describe the direct flux transfer between the discrete surfaces, dimensionless 

Relationships of the form of Eq. (1) may be written in the following matrix relationship for each discrete surface that 
'defines the space: 

Transfer matrix 

2 

Response Excitation 
vector vector 



Equation ( 2 )  may be multiplied by the inverse of the transfer matrix to produce 

Inverse of transfer matrix 

The elements of the inverse transfer matrix represent transfer functions for unit excitation of the system at one sur- 
face only. For example, [ L  (1,2) /L (02)I is the radiosity L (1,2) of surface A (1) that results from single excitation of 
the system at A (2), relative to the excitation radiosity L (02). For thermal excitation at A (2), the transfer function is 
[ L (1,2)/EZR (2) uT4 (2)] .  Note that each element of the inverse transfer matrix is a function of the entire array of form 
factors and radiant surface properties that define the space. 

Several useful conservation and reciprocity relationships exist between the elements of the inverse transfer matrix or 
the transfer functions. In any enclosure defined by N discrete surfaces the total radiosity of surface A (1) is 

L ( l )  = L ( 1 , l )  + L(1,2)  + . . + E ( 1 , N )  ( 4) 

In a uniform temperature enclosure or blackbody cavity, the total radiosity of surface A (1) is 

L (1) = uT4 (1) (5)  

and 

T ( l ) = T ( 2 ) =  . . . = T ( N ) = T  (6) 

With the substitution of Eqs. (5) and (6) in Eq. (4), 

- 1  
L ( l  N j  L ( L 1 )  +- L(1 ,2)  + . . . +A=-- 

UT' (1) uT4 (2) uT4(N) uT4 

Now multiplying each term on the left side of Eq. (7) by the emissivity ratios results in 

EZiR ( N )  L (1, N )  +-------- EZR(1) L ( 1 , l )  EZR(2) L(1,2)  
~~ +-- + . . . 
E I R  (1) 0T4 (1) EIR ( N )  uT4 ( W )  EIR (2) aT4 (2) 

(7) 

Note that the denominator of each term is simply the flux density generated at or initially streaming into the enclosure 
at each surface. In terms of the notation defined in Eq. (l) ,  



If the conservation equation (9) applies in the case of a uniform temperature enclosure or uniform excitation vector, it 
must also apply for any excitation distribution because the transfer functions depend only on the geometry and radiant- 
property transfer matrix that is postulated to be independent of the excitation vector. 

Consider now the net radiant-flux transfer from discrete area A (1) expressed verbally as 

1 flux entering space at A (1) flux absorbed at A (1) 
after any self-absorption from all other surfaces Q (1, NET) = [ 

Equation (10) may also be expressed verbally as 

1 Q (1, NET) - - total flux density total flux density incident at A (l), 
A (1) [streaming from A (1) ] - [including all multiple reflections 

Equation (loa) is expressed in terms of radiosity and irradiation as 

Q ( 1 ’ N E T ) = L ( 1 ) - G ( l + 2 + 3  - . . +N,1) 
A (1) 

where 

G (1 + 2 + 3 + - + N ,  1) = the irradiation at A (1) from discrete surfaces A (l), A (2), . * , A ( N )  

and 

G ( l + 2 + 3 +  * . * + N , l ) = F ( l , l ) L ( l ) + F ( 1 , 2 ) L ( 2 ) +  * * .  + F ( l , N ) L ( N )  (10c) 

Now substituting in Eq. (lob) for L (2) the right-hand side of Eq. (1) and for G (1 + 2 + 3 + . . . + N ,  1) the right- 
hand side of Eq. (1Oc) results in 

Q(1~NET)=L(01)+p(1 )F(1 ,1 )L( l )+p( l )F ( l , 2 )L(2 )  + . . . t - p ( l ) F ( l , N ) L ( N ) - F ( l , l ) L ( l )  
A (1) 

- F(1,2)L(2) - * * * - F( l ,N)L(N)  (W 

Then combining terms in Eq. (10d) gives 

Q(l, NET) = L(O1) - EZR(1) [ F ( l ,  1) L(1) + F(1,2) L(2) + . . . + F(1,N) L ( N ) ]  W e )  A (1) 

Expressed verbally, Eq. (10e) reads as 

1 total flux density 
absorbed at A (1) 

Q (1, NET) total flux density 
A (1) = [generated at A (1) 

Verbal equations (lo), (loa) and (10f) are all identical concepts. 

4 J 



Now Eq. (loe) may be expanded in terms of the transfer functions defined by the matrix equation (3) as follows: 

Combining terms with similar excitation yields 

For an enclosure with the excitation at A(1), A(2), . * * , A (N) only, Eq. (1) becomes 

Equations (1Oi) can be rearranged as 

(101) 

Now substituting the left-hand parts of Eq. ( lOj)  into (1Oh) results in 

J P h  T E C H  T 32-3416 5 



The first two terms to the right of the equality sign of Eq. (1Ok) may be combined, and Eq. (1Ok) then reduces to 
Eq. (11). 

Equation (lob) can be cast in yet another form by noting that the term in brackets on the right-hand side of Eq. (I) 
is the total irradiation of A (1) from all regions that can be viewed from A (1). That is, the irradiation term of Eq. (1Oc) 
may be substituted into Eq. (1) to give 

L ( l )  = L(O1) + p ( 1 ) 6 ( 1 +  2 + 3 + . . . + N,1) (101) 

Now the irradiation in Eq. (101) may be expressed in terms of the radiosities and the reflectance as 

Substituting the right-hand side of Eq. (10m) into Eq. (lob) yields 

With the notation that L (01) = EZR (1) u T4 (1) and (1 - p (1)) = EIR (l), Eq. (10n) takes the form of 

Now substitute L (1) in terms of the transfer functions of Eq. (3) and substitute in Eq. (100) to give 

Combining terms in Eq. (1%) results in 

Equation (1Oq) is identical to Eqs. (1Ok) and (11). 

In terms of the quantities defined in Eq. (3), verbal equation (10) becomes 

Equation (11) is divided by A (1) so that the equation is in terms of flux density or Btu/hr-ft2. The two terms on the 
right side of Eq. (11) correspond to the verbal equation (10). Note that each of the terms such as 

represents an irradiation at A (1). That is, L (1,2)/p (1) is the flux density of radiation onto A (1) when A (2) is the only 
source. 



Equation (9) may be rearranged in the form 

For thermal excitation, L (ON) = EZR ( N )  u T4 ( N )  and Eq. (14) can be written in terms of the discrete surface tempera- 
tures as follows: 

[uT4 (1) - uT4 (3)] 
EZR (1) EZR (3) L (1,3) 

P (1) L (03) 
[ U T 4  (1) - UT4 (2)] + Q (1, NET) - EZR (1) EZR (2) L (1,2) - 

A (1) P (1) L (02) 

Professor H. C. Hottel (Ref. 1) of MIT has suggested the following notation for Eq. (15) 

= @ ( l , l )  [uT4(1) - uT4(1)] + @(1,2) [uT4(1) - uT4(2)] + @(1,3) Q (1, NET) 
A (1) 

+ &f(l,N) [uT4(1) - aT4(N)] + . . .  

Combining Eqs. (15) and (16) leads to 

uT4 (1) - uT4 (2)] 

(16) 

A conservation relationship for the Hottel terms, obtained from the net transfer relationship at A (l) ,  takes the form 

Q(l,NET) A (1) 
= L(O1) - E Z R ( l ) [ F ( l , l ) L ( l )  +F(1 ,2 )L(2 )+  . . . + F ( l , N ) L ( N ) ]  (18) 

In a uniform temperature enclosure, the net transfer is zero and E (1) = L (2) = E ( N )  = u T4. For this uniform tem- 
perature enclosure, Eq. (18) becomes 

Q(lyNET) = 0 = EZR(1) [UT4 - UT4 (F(1,l) + F(1,2)+ . . . + F(1,N))I ( 19) A (1) 

lCAk REPORT 32-1416 7 



Because the sum of the form factors is unity, Eq. (19) becomes simply 

uT4] 

For a uniform temperature enclosure, Eq. (16) becomes 

A conservation relationship, obtained by equating Eqs. (20) and (21), takes the form 

8 ( 1 , 1 )  + 8(1 ,2 )  + Or(l,3) + . . . + G(1,N) = EZR(1) 

Equation (22) may be rearranged as 

E IR(1 ) -@(1 ,1 )=8(1 ,2 )+8(1 ,3 )+  . . . + 8 ( 1 , N )  

Now substitute the left-hand side of Eq. (23) and the left-hand side of .Eq. (12) into Eq. (17) to obtain 

Solving for 8 (1,l) in Eq. (24) results in 

From Eqs. (15) and (16) we have 

EIR (1) EZR (2) L (1,2) 
8 (1 ,2 )  = P (1) [ml 

and 

Another useful form of Eq. (25), obtained from Eq. (1) when A (1) is the only source, is 

L (k1) = L (01) + p (1) [F (1,l) L(1, l )  + F (1,2)L (2,l) + . . . + F (1, N) L ( N ,  l ) ]  

Now divide Eq. (28) through by L (01) and rearrange terms to get 

Substituting the right-hand side of Eq. (29) into Eq. (25) gives 

8 



Similarly, 

e 

The Hottel @-factor and the heat input due to the solar flux are calculated first for each set of conditions. The soh- 
tion for temperatures then follows. 

The elements of the matrix equation for calculation of &? are of the form 

The calculation of &I is performed in the following 
steps: 

Step 1. A matrix is formed with elements of the form 

A ( I ,  J) 6 (I,]) - (1 - EIR ( I ) )  F (I, J) 

where 

6 ( I ,  j ) ,  the Kronecker delta, = 1 i f Z - j  

= O  i f I#J  

A printout of this matrix can be obtained by setting 

PRINT(26) = 1 

Step 2. The matrix is next inverted to become 

[B] = [Al-l 

A printout of this matrix can be obtained by setting 

PRINT(27) = 1 

Step 3. The matrix is now multiplied by the shape fac- 
tor matrix to give elements of the form 

c (1, J) = Z K F (I, K )  B ( K ,  J) 

A printout of this matrix can be obtained by setting 

PRINT(28) = 1 

Step 4. The matrix is now multiplied by the appropriate 
IR emittances to give a matrix with elements of the form 

8 (1, J) = EZR (I) EZR (J) c ( I ,  j )  

This is the script &? matrix and its printout may be re- 
quested by setting 

PRINT(29) = 1 

Step 5. The script @ matrix is now multiplied by the 
area to give “the area times the script &? matrix.” A print- 
out of this matrix may be requested by setting 

PRINT(30) = 1 

The elements of this matrix are also displayed in the de- 
tailed output in the fifth column (ASCRIPTFIR) of the 
tabular data for each node. 

Step 6, Finally, a printout of the Stefan-Boltzmann con- 
stant multiplied by the area script @’ matrix may be re- 
quested by setting 

*See Table 2, Section V, for values for PRINT vector 

h P 32-9 

PRINT(31) = 1 
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The radiosity calculations necessary to determine the 
heat input from the solar flux are performed in the follow- 
ing steps: 

where 

Step 1. The elements of the excitation vector are of the 
form 

L* ( I )  = SOLCON X ILUM ( I )  

X (1 - ESOL(Z)) X cos(THETA(I))  

These values may be printed by setting 

PRINT(21) = 1 

Step 2. The solar transfer matrix before inversion is 
found. Its elements are of the same form as used in the 
script 8 calculations, except solar emittances are used 
instead of IR emittances: 

Step 3. The solar transfer matrix is computed in the 
form 

[ B ]  = [A]-l 

This matrix may be printed by setting 

PRINT (23) = 1 

Step 4. Along with the matrix inversion process, the 
solar response vector L* ( I )  is computed. Its value may be 
printed by setting 

PRINT(24) = 1 

Step 5. Finally, the solar QNET vector is computed. Its 
values are of the form 

QNET ( I )  = - A  ( I )  X SOLCON X ILUM ( I )  

X cos (THETA ( I ) )  + 
J 

- F ( I , J ) )  x A ( I )  x L*(J) 

To demonstrate the numerical techniques used in the 
calculations, it is necessary to develop the governing 
equations in matrix notation. The heat flow from node I to 
node 1 due to conduction or convection is 

Q ( I ,  J )  = heat flow from node I to node J 
C ( I ,  J) = conductance from node I to node J 

T ( I ) ,  T ( J )  = temperatures of nodes I and J, respectively 

The heat flow from node I to node J, due to radiation, is 

Q ( I , ] )  = ~0 ( I ,  J )  X A ( I )  X (T4 ( I )  - T4 (1)) 

where 

Q ( I ,  J) = heat flow from node I to node J 

u = Stefan-Boltzmann constant 

B ( I ,  J) = script Et from node I to node J 
T ( I ) ,  T ( J )  = temperatures of nodes I and J, respectively 

Since the rate of energy in steady state entering a node 
is equal to the rate of energy leaving a node, the energy 
balance may be written as follows: 

Q (CONDUCTION) + Q (RADIATION) 
- P (DISSIPATION + SOLAR INPUT) = 0 

When a mathematical thermal model is devised for a 
real spacecraft system for engineering purposes, it con- 
sists of conduction and irradiation terms connecting the 
various discrete elements with power in the form of elec- 
trical energy being dissipated in the node. Thus, the 
steady-state energy equation is 

Q ( I ,  J )  (CONDUCTION) + Q ( I , ] )  (RADIATION) 
- P (DISSIPATION + SOLAR INPUT) = 0 

where the sign convention for power is negative for 
energy per unit time in and positive for energy per unit 
time out. In terms of actual discrete elements, the energy 
per unit time into node I due to conduction is 

Q (CONDUCTION) = 2 C ( I ,  J) (T ( I )  - T (1)) 
J 

where 

C ( I ,  J) = conductance from node I to node J; I denotes 
the node under consideration; J denotes all 
nodes except node I 

The energy per unit into node I due to radiation is 



where 

u = Stefan-Boltzmann constant 

A = area of node I 
B (I, J) = script B from node I to node J (where node I 

and J have the same meaning as above) 

where 

The energy balance for node I may now be written in 
terms of the discrete thermal elements in the form 

z (C (1, J )  x (T (1) - T (1)) 

uA(I)B(I ,J)(T4(I)  - T4(J)) - P ( I )  = O  

The energy balance written for all the nodes under con- 
sideration may be written in matrix form as follows: 

J 

where 

C = the symmetric conduction matrix whose 

R = the symmetric conduction matrix whose 

T and T4 = the temperature vectors whose elements are 

P = the power vector, which includes not only 
the electrical power dissipation, but also 
the energy per unit time input from the 
solar radiosity 

elements are C ( I , ] )  

elements are u A ( I )  8 ( I ,  J )  

T ( I )  and T4 (1) 

The solution of this matrix equation follows the 
Newton-Raphson iteration method described by Hilde- 
brand (Ref. 2). For simplicity, the method is shown for 
two independent variables. The solution may then be ex- 
tended for N unknowns. 

Given two functions f (x, y) and g (x, y ) ,  which are simul- 
taneous nonlinear algebraic equations, recurrence for- 
mulas of the following form may be written: 

This may be written in matrix form as 

The square matrix is recognized as having the elements 
of the Jacobian determinant. The corrections A X k  and A yk 

are added to x k  and yk, respectively, to yield the following 
iteration. 

The radiation-conduction matrix equation for steady- 
state constant properties may be brought into the form 
suggested above in the foHowing manner. 

We want the result in the form 

where [SI is a square matrix and T and A are vectors. 
Furthermore, we want [SI to have the elements of the 
Jacobian determinant. 

A typical off-diagonal element is of the form 

and a diagonal element is of the form 

The vector A then has the form 

A ( I )  = P ( I )  - Q (SOLAR NET) (I) 

- 3uA ( I )  F ( I ,  J) (T4 ( I )  - T4 ( I ) )  

This formulation allows the matrix equation to be solved 
for T. The imbalance in the equation is computed and 
if it is not within the required limits, the resulting values 
of T are used to generate a new S matrix and a new A 
vector for the next iteration. 

Although the actual method used differs somewhat 
from that described in Ref. 2, the number of iterations 
required for solution remains the same for several sets 
of conditions that were tested. The method described 
here was used because it results directly in the required 
temperatures. 

t 

Data input is prepared on four types of cards: comment 
cards, title cards, data cards, and control cards. 



A comment card is designated by the letter C in 
column 1. Comments are placed in successive columns. 
A comment card is printed in the output listing of the 
data deck. The comments serve as notes to. the user and 
are not used by the program. Any number of comments 
may be used in the data. Once the program recognizes 
the C in column 1, the card is printed out and the pro- 
gram continues to process the next card. The COMMENT 
CARD field is COL 2-72. 

S 

A title card is designated by the letter T in column 1. 
A maximum of 10 title cards may be used. Title cards may 
be placed in basic data, case data, or a combination of 
both. The total number of title cards for any one case 
data block and the basic data block may not exceed 10. 
If the maximum number of title cards is exceeded, the 
title cards in excess of 10 will be printed as comment cards 
and only the first 10 title cards will be used as title cards. 
Title cards are printed at the top of each output state- 
ment. The TITLE CARD field is COL 2-72. 

A data card is designated by a blank in column 1. Any 
number of data cards may be used to prescribe a problem 
that lies within the capacity of the machine. The DATA 
CARD field is COL 2-72. 

Data cards are of three types: matrix, vector, and sin- 
gle value. A single value such as the solar constant is 
entered as 

SOLCON = 430. 

A vector value such as power is entered as 

P(10) = -10. 

A matrix value such as a view factor is entered as 

F (2,3) = 0.5 

The data input used in the program is actually a modi- 
fied FORTRAN NAMELIST. The first column must be 
blank. Data must not be entered in columns 73-80; they 
must be left blank or used for sequence identification. The 
information in columns 73-80 will be printed with the 
card image. The program automatically inserts the begin- 
ning and ending characters required for NAMELIST. 
It also inserts a comma at the end of each card image 

if it is not present, Some of the convenience features of 
NAMELIST that may be used are as follows: 

Variables with a single subscript (i.e., vectors) may be 
entered in sequence as 

A (1) = l., 1.5,3., 4. 

which is the same as 

A(l)  = 1. 

A(2) = 1.5 

A(3) = 3. 

A(4) = 4. 

Variables with a double index (ie., matrices) may be 
entered in sequence. Instead of entering each variable 
separately as 

F (2,l) = 0.5 

F (3,l) = 0.2 

F (4,l) = 0.3 

we may enter them as 

F (2,l)  = 0.5,0.2,0.3 

It can be seen that the first index rotates most rapidly. 
Floating-point exponential notation may be employed for 
data as 

A(29) = 1.76D + 12 

BOLTZ = 0.1714D - 08 

A list of the input variables for data cards is given in 
Table 1. Definitions of the symbols in Table 1 and ex- 
amples of their use are listed as follows: 

Symbol Definition and use 

N Number of nodes. Nodes must be numbered 
sequentially so that N is the largest node 
number. Although the nodes must be num- 
bered so that no node numbers are omitted, 
the data in a particular data block may be 
entered in any order. 
Example: 10-node problem 
Data input: N = 10 (integer) 

12 
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N 

C(I, J)  

W, J) 

FA([, J) 
FAUSED 
ESOL(I) 
EIR(I) 
ILUM(I) 
THETA(1) 

CTM 
TU) 
P(l) 
SOLCON 
RELTOL 
TNOTSP 

BOLTZ 
PRINT(K) 
ABSCVN 
NITER 

Unspecified initial values 

0 
0.0 
0.0 
0.0 
0 
0.0 
0.0 
1 .o 

90.0 
-500.0 

68.0 
0.0 

442.0 
l.D - 05 

68.0 
0.1714D - 08 
0 

460. 
15 

Conductance from node I to node J. 
Example: Conductance of 4.5 from node 5 

to node 10 
Data input: C (5,lO) = 4.5 

Shape factor from node I to node J. The area 
A must also be entered. 
Example: View factor of 0.5 from node 4 to 

node 9 
Data input: F (4,9) = 0.5 

FA product. The area A  must^ also be entered 
from node I to node J. 
Example: FA = 19.5 from node 3 to node 8; 

area of node 3 is 20; area of node 
8 is 30 

A(3) = 20. 
A (8) = 30. 

Data input: FA (3,8) = 19.5 

Equals 1 if FA elements are input; equals 0 
if F elements are used. The program assumes 
the value to be 0 unless 1 is input. 
Example: It is desired to use FA elements 

in the input data. 
Data input: FAUSED = 1 (integer) 
Example: It is desired to use F elements in 

the input data. 

EIR (I) 

ESOL(1) 

Datainput: No entry is necessary, and the 
program will automatically as- 
sume that the input will be F 
elements. 

Either F or FA elements may be input; 
in either case, the area A(1) must also be 
entered so that the F elements, whose matrix 
is not symmetrical, may be calculated. If both 
sides of the matrix are symmetrical, the pro- 
gram will print an error message, pick one of 
the values as the correct value, calculate the 
other value, and proceed with the case. The 
data input must be either all F elements or 
all FA elements; F elements and FA elements 
cannot be used in the same problem. 

Infrared emittance. 
Example: 
Data input: EIR (5) = 0.85 

IR emittance for node 5 is 0.85. 

Solar emittance. 
Example: 
Data input: ESOL (6) = 0.5 

Solar emittance for node 6 is 0.5. 

Fraction of the node exposed to direct solar 
flux. If a node is only partially exposed to the 
sun, ILUM would be used to reduce the node 
area in the shape factor calculation to that 
area exposed to solar flux. Normally this input 
would not be used because the user would 
usually define two nodes, one of which would 
be totally in the solar flux and the other 
totally in the shade. If no input is given for 
ILUM, the program assumes values as fol- 
lows: If the theta value of the node is not 
equal to 90 deg, a value of 1.0 will be inferred. 
If the theta value of the node is 90 deg, there 
is no direct solar flux and the program enters 
0 for the ILUM value. 
Example: Node 10 is 251% exposed to direct 

solar flux and therefore 75% shad- 
owed or not exposed to direct 
solar flux. 

Node 11 is completely conduc- 
tion-dependent and receives no 
radiant input. 

Data input: No ILUM entry is necessary; the 
program will enter a value of 0.0. 

Data input: ILUM (10) = 0.25 
Example: 



Example: 

Data input: 

Node 12 is 100% exposed to direct 
solar flux. 
No ILUM entry is necessary; the 
program will enter a value of 1.0 
when the theta value for node 12 
is less than 90 deg. 

P (I) Power input. The sign of the power input is 
determined by the convention “energy per 
unit time in is negative, and energy per unit 
time out is positive.” 
Example: Node 15 represents an electronic 

module where 10 Btu/h of elec- 
trical power is being dissipated. 

Angle from the normal to the surface to the 
sun. If THETA equals 90 deg, no direct solar 
energy is received at the surface. It is neces- 
sary to enter a THETA value only if a node 
receives direct solar flux. 
Example: Node 10 has a 0-deg angle from 

the normal of its surface to the 
sun. 

Data input: THETA (10) = 0. 
Example: Node 11 has a 30-deg angle from 

the normal of its surface to the 
sun. 

Node 20 is a conduction-only 
node and has no radiation ex- 
change. 

Datainput: No THETA entry is required, 
and the program automatically 
enters a THETA value of 0. 

Data input: THETA (11) = 30. 
Example: 

Constant-temperature or boundary node. All 
problems require at least one constant- 
temperature node. In space applications, this 
is the space temperature. 
Example: Node 15 is a boundary node at a 

constant temperature of 200OF. 
Data input: CT (15) = 200. 

Starting temperature. If the user has intuitive 
insight into a problem, a starting temperature 
for a particular node may be specified. This 
will result in a slight saving in computer 
running time. The final answer will be the 
same whether or not a user-supplied starting 
temperature is specified. 
Example: User has prior knowledge that 

the resulting temperature of 
node 9-which is not a constant- 
temperature node-will be ap- 
proximately 150OF. 

Data input: T (9) = 150. 

Data input: P (15) = - 10. 

SOLCON Solar constant. If no value is input, a value of 
442. is automatically used by the program. 
Example: A run is being made in which the 

solar flux density is 420. Btu/h-ft’. 
Data input: SOLCON = 420. 
Example: A run is being made in which the 

solar flux density is 442. Btu/h-ft2. 
Data input: No entry is necessary, as the pro- 

gram will insert a value of 442. if 
no SOLCON is specified. 

elaxation tolerance of nodal flux. If the user 
does not specify a value, the program will 
automatically enter a value of 1 X 
Example: User wants the heat balance 

solved to better than 1 X 
Btu/h on every node that is not 
a constant-temperature node. 

(Note that the exponent is de- 
noted by D, not E. This is be- 
cause double precision is being 
used.) 

Data input: RELTOL = 1.D - 06 

TNOTSP Temperature not specified value. If no value 
is specified, the program will use 68 as the 
starting temperature for the iterations. This 
temperature is used on all nodes that are not 
constant-temperature nodes or that have not 
already been specified by T (I). 
Example: User expects the majority of tem- 

peratures in a particular problem 
to be about 150OF. 

(One or two iterations may be 
saved by judicious use of this pa- 
rameter, but in general the com- 
puter time saving is insignificant.) 

Data input: TNQTSP = 150. 
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BOLT% Stefan-Boltzmann constant. If the user does 
not specify a value, the program enters a 
value of 0.1714 X lo-*. 
Example: User wants to use a Stefan- 

Boltzmann constant of 0.1'713 
X lo-* Btu/h-ft2-deg R4. 

Data input: BOLTZ = 0.1713D - 08 
(The exponent is denoted by D, 
not E, because the program is 
written in double precision.) 

ABSCVN The value added to T that results in the abso- 
lute temperature. If the user does not specify 
a value, the program uses a value of 460. 
Example: It is desired to have the program 

print out temperatures in de- 
grees C. 

(It is also necessary to specify the 
proper BOLTZ and SOLCON.) 

Data input: ABSCVN = 273. 

Data input 

PRINT( l0)  = 1 

PRINT( l1)  = 1 

PRINT( l2 )  = 1 

PRINT( l3)  = 1 

PRINT(14) = 1 

PRINT( l5 )  = 1 

PRINT(16) = 1 

PRINT(17) = 1 

PRINT(18) = 1 

PRINT(19) = 1 

PRINT(20) 1 1 

PRINT(21) 1 

PRINT(22) = 1 

PRINT(23) = 1 

PRINT(24) = 1 

PRINT(25) = 1 

PRINT(26) = 1 

PRINT(27) = 1 

PRINT(28) = 1 

PRlNT(29) = 1 

PRINT(30) = 1 

PRINT(31) = 1 

Printout 

Pr in ts  N, BOLTZ, SOLCON,  RELTOL 

Prints THE SYMMETRIC C O N D U C T I O N  MATRIX 

Pr in ts  THE SYMMETRIC F A  MATRIX  

Pr in ts  THE F MATRIX 

Pr in ts  THE AREAS 

Prints THE INFRARED EMITTANCES 

Prints THE SOLAR EMITTANCES 

Pr in ts  THE I L L U M I N A T I O N S  

Pr in ts  THE ANGLES THETA T O  THE S U N  

Prints THE C O N S T A N T  TEMPERATURE N O D E S  
TEMPERATURE 

Pr in ts  THE POWERS 

Prints THE EXCITATION VECTOR 

Pr in ts  THE SOLAR TRANSFER MATRIX  BEFORE 
I N V E R S I O N  

Prints THE SOLAR TRANSFER MATRIX  AFTER 
I N V E R S I O N  

Prints THE SOLAR RESPONSE YECTOX 

Pr in ts  THE SOLAR Q N E T  VECTOR 

Prints STEP 1 OF THE SCRIPT F MATRIX 

Pr in ts  STEP 2 OF THE SCRIPT F MATRIX 

Prints STEP 3 OF THE SCRIPT F MATRIX 

Pr in ts  THE SCRIPT F MATRIX 

Pr in ts  THE AREA TIMES THE SCRIPT F MATRIX 

Pr in ts  THE BOLTZ TIMES THE AREA SCXIPT F MATRIX 

Example: 

Data input: ABSCVN = 0. 

It is desired to have the program 
print out absolute temperatures. 

PRINT (K) The various values, vectors, and matrices 
printed at user request are listed in Table 2. 

NITER Maximum number of iterations to be used in 
the solution. 

A control card is a special card used to control the flow 
and execution of data into the machine under control of 
the stored program. The following control cards are used: 

END OF BASIC DATA 

As this card indicates, it is used to designate the end of a 
basic data block. 

END OF CASE 

As this card indicates, it is used to designate the end of 
a particular case data block. 

END OF PROBLEM 

As this card indicates, it is used to designate the end of 
problem. 

Following the END OF PROBLEM card the pro- 
gram will accept a new basic data block. All parameters 
are returned to their initial value by the program. For 
instance, if the user enters a solar constant, the program 
will not return it to its program set value of 442. The 
initial value will be set to the value as indicated in 
Table 1. If no data follow the end of problem card, the 
program will attempt to read a card, at which point the 
system will terminate the job. It is important that the con- 
trol cards appear exactly as listed with a blank between 
each word, with the first word starting in column 1. If 
there is an error in the entered card, the message card 
error will appear to the right of the card image on the 
output and it will be ignored. The run will continue, with 
the probability that the results will be incorrect. The pur- 
pose for continuing the run is mainly to uncover other 
errors in the data. 

1. ut 
The program output is arranged so that the user may 

determine that data input is correct and check that the 
heat balance is valid. 



A one-line heading that gives the case number is in- 
cluded before a data input block and before each new 
block of output. 

The seventh column (Q COMP) lists the Q-component 
contribution to the heat balance from the solar input. The 
value for a node I is 

Q (SOLAR RADIATION) = A ( I )  (1 - F (I, J ) )  L* (I) 
A history of all input cards is included with the output. 

This listing is used to locate errors and to facilitate identi- 
fication if several runs have been made. To the right of 
each card image, the card name is printed (title card, com- 
ment card, data card, or control card). 

- A ( J )  X SOLCON X ZLUM ( I )  X COS THETA (I) 

where 

L" (I) = solar radiosity 

SOLCON = solar constant 

ILUM ( I )  = fraction of the surface exposed to the sun 
The detailed nodal output is the minimum output from 

the program. The detail of each node includes all the 
input information about that node and information con- 
cerning the calculation of the heat balance around that 
node. The temperature, area, IR emittance, solar emit- 

the normal to the surface to the sun) are listed. 

The Q-component value for a node I + is 

tance, illumination factor, and theta angle (the angle from Q (SOLAR RADIATION) = -A ( I )  (@ ( I ,  J )  X L* ( J ) )  

A detailed listing of the heat balance follows. The head- 
ings refer to the columns that follow. The first column 
(NODE) lists the nodes that contribute to the heat bal- 
ance. The second column (CONDUCTANCE) lists the 
conductance between the nodes listed in column 1 and 
the node under question. The th5d column (Q COMP) 
lists the Q-component contribution due to conduction 
and/or convection in the heat balance. Its value for a 
node is 

Q (CONDUCTION) = C (I, 1) (T (1) - T ( J ) )  

Its sign will be negative if heat is being conducted into 
the node and positive if heat is being transferred by con- 
duction from the node. 

The fourth column (F) lists the shape factor from the 
nodes listed in column 1 and the node under question. 
The fifth column (ASCRIPTFIR) lists the area times 
script @ for the IR region from the nodes listed in 
column 1 to the node under question. It is possible to 
have an A (I) 8 ( I ,  J )  term between two nodes even though 
there is a zero shape factor between the nodes due to 
multiple diffuse reflections. The sixth column ( 
lists the Q-component contribution to the heat balance 
due to the infrared heat transfer. The Q-component value 
for a node I is 

Q (IR RADIATION) = oA ( I )  @ ( I ,  J )  (2'" ( I )  - T" ( J ) )  

If the term - A  ( I )  X SOLCON X ZLUM ( I )  X cos 
THETA ( I )  is not zero, it is listed immediately below the 
tabular listings with the comment DIRECT SOLAR. Its 
value appears in the Q COMP column for solar input and 
the comment DIRECT SOLAR appears on the same line 
to the left of the value. 

The eighth column (TOTAL) lists the total contribu- 
tion from each node listed in column 1 to the node under 
question. Of course, POWER and DIRECT SOLAR are 
also listed, since they contribute to the heat balance. If 
power is present it is listed in the next-to-the-last row in 
the tabular information and its value is listed in column 8. 

The last row in the tabular information lists the 
totals for the various columns where appropriate. The 
Q-components due to conduction and convection, IR radi- 
ation, and solar flux are summed. 

The totals of the contributions from various nodes are 
listed in the bottom row of the eighth column. This is the 
value of the heat balance. Its value for nonconstant- 
temperature nodes should be smaller than the relaxation 
tolerance (RELTOL) set by the program. The program 
initializes RELTOL to 1. X 10-5 and the user may change 
this value if desired. 

The temperature of a constant-temperature node is not 
changed by the program and its heat balance will prob- 
ably not be zero. Its value represents the amount of 
energy per unit time passing through that particular 



boundary. A constant-temperature node is recognized by 
the line THIS IS A CONSTANT TEMPERATURE 
NODE that appears immediately above the headings for 
the tabular data. 
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If special print outputs are requested, their titles cor- 
respond to those in Table 2. By requesting special print 
outputs, the user can verify the various computational 
steps in the infrared flux calculation and the solar radiosity 
calculation. 

The sample problem chosen to illustrate the use of the 
program is that of an L-shape as shown in Fig. 1. The 
L-shape is infinite in the direction normal to the X-Y 
plane. 

The solution of this problem has previously been dis- 
cussed in Refs. 3 and 4. This problem, which was chosen 
because a reference solution is available, illustrates the 
method of using TAS I to obtain a temperature distribu- 
tion for a particular geometry in which it is necessary to 
consider energy transfer in the infrared region and the 
solar region. The problem also requires the calculation of 
heat-transfer rate in the solar region due to direct solar 
flux and reflected solar energy. Conduction is not con- 
sidered so that the computer solution may be compared 
with the analytic solution. However, the effect of conduc- 
tion may be accounted for by the addition of the neces- 
sary data cards. 

The assumptions made in the solution of the L-shape 
are (Ref. 3) : 

The surfaces are semigray opaque with solar prop- 
erties ESOL and long-wave or infrared properties 
of EIR. 

The surfaces emit and reflect dihsely. 

The shape factors describe the direct view coupling 
between the discrete areas. 

The discrete area or nodes are isothermal. 

The surfaces are insulated from the rear. 

13, SPACE 

1 2 3 4 

ig. 1. Temperature distribution of an b-s 

(6)  There is no coupling with the solar source (i.e., the 

(7) The surroundings are black and at absolute zero. 

The discrete nodes and those associated with solar flux 

form factor to the sun is zero). 

are shown in Fig. 1. Node 13 is the space node. 

Since the L-shape is of infinite extent in one direction, 
the method outlined by Hottel (Ref. 1) (sometimes known 
as the method of crossed-uncrossed strings) may be used 
to calculate the view factors (FA). For example, the view 
factor A(3) ::: F ( 3 , 6 )  for an L-shape with X = 1 and Y = 2 
may be computed as follows: 

(length of crossed strings - length of uncrossed strings) 
2.0 A(3) 8 F(3,6)  = 

- (VXST'K!? + I/ 0.25' + 0.75') - (v 0.5' + 8.25' + 0.5' + 0.75') - 
2.0 

F(3,6) = 0.7454/unit length 



The other view factors may be computed in a similar way. 
If shape factors are required for geometries that are not 
infinite in one dimension, a numerical technique such as 
that used in the computer program CONFAC I1 (Ref. 5)  
must be used. 

An example of handwritten data input listing for TAS P 
is shown in Table 3. The data input listing starts with a 
number of comment cards. These comment cards are used 
for notes or comments on the input data and they will 
appear in the output. 

The first data card is 

N = 13 (integer) 

This indicates the number of nodes (four along the 
X-axis, eight along the Y-axis, and one for space). 

zero. Because the sun is located at the zenith position, 
nodes 5 through 12 receive no direct sunlight, so their 
angles are 90 deg. The computer program assumes that 
a node receives no direct solar input and automatically 
sets all theta values equal to 90 deg. It is therefore neces- 
sary to enter a theta value for each node that receives 
direct solar energy. The comment concerning multiple 
entries on a data card also apply for angles theta. 

The data cards following the angles theta list the long- 
wave or infrared emittance (EIR).  Every node with a 
shape factor or a view factor must have an infrared emit- 
tance. If no emittance value is input, a zero value will be 
assumed and used in the calculation. This means that 
there will be no infrared heat transfer to or from this 
node. The comments concerning multiple entries on a 
data card also apply for emittances. 

The next set of data cards describes the solar emittance 
or solar absorptance (ESOL). Every node with a form 
factor that receives solar energy either directly or through 
solar reflection requires a solar emittance value for the 
calculation. As for infrared emittance, if no value of solar 
emittance is specified, the computer program uses the 
initialized value of 

Next, the shape factors in F elements are listed. Again, 
the order of entry in a particular data block is unimpor- 
tant. Any grouping most convenient to the user is accept- 
able. The comment cards with a “ C  in column 1, but 
otherwise blank, are used for clarity in the input. Their 
use is completely optional. Title cards with a “T” in 
column 1 appear on the output that follows. in the calculation. 

Next, the areas are listed. For this particular problem, 
the areas of the nodes on the L-shape are set equal to 1, 
while the area of space is equal to the distance from 
Y = 2 to X = 1. The areas have been entered separately, 
one to a data card. However, they could have been 
entered as follows: 

A ( l )  = l., l., l., l . , l . , l . ,  l., l., l., l., 1.,1.,8.944 

If one data card cannot contain all of the areas with 
columns 2 through 72, the user may put A (1) through 
A (10) on one card and A (11) through A (13) on the sec- 
ond card. Then the two data cards would appear as 
follows: 

A (1) = l., l., l., l., l., l., l., l., l., l., 

A (11) = I., l., 8.944 

The areas of all nodes involved in radiant transfer must 
be listed. The first character on each data card must 
always be a variable name. 

The data cards following the areas are the angles theta 
to the solar input. Since nodes 1 through 4, which lie in 
the X-2 plane are normal to the sun, their angles are 

Finally, the space temperature is defined. A value of 
-459. is entered as a constant-temperature node (CT).  
Since this is a constant-temperature node, its temperature 
will remain as defined and it is not dependent on any of 
its properties. However, its properties affect the tempera- 
ture of other nonconstant-temperature nodes with which 
it has energy exchange. At least one node in every prob- 
lem must be a constant-temperature node. If this require- 
ment is not met, the program will be unable to find a 
unique solution because none exists. 

The last card in a data block is always a control card. 
Because this first block contains the basic data, an END 
OF BASIC DATA card is used. All subsequent cases will 
use the data contained in the basic data block and any 
case data in a case data block. 

The data cards unique to the first case follow next. Any 
number of comment cards may again be used. The num- 
ber of title cards is limited to a total of 10 between the 
basic data card and the case being processed. The maxi- 
mum of 10 title cards apportioned between the basic data 
and the case data is arbitrary so long as the maximum 
limit is not exceeded. If the limit is exceeded, the excess 
title cards will be printed as comment cards and process- 
ing will continue. The first case in the sample problem 
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contains no data card, only comment cards. The tempera- 
tures listed are the results of the k s t  case. They are 
shown as comment cards so that the card deck will be 
complete with answers from the first case to be used as a 
check case. The last card in the first-case data block is an 
END OF CASE control card. Therefore, the first case 
consists of the data in the basic data block and the data in 
the first-case data block. 

The second case consists of only one data card. This 
card requests all of the additional output information to 
be printed. This is done by using the sequential method of 
entering data on a single card. Thus PRINT (10) through 
PRINT(31) (see Table 2) are all set equal to 1. If only 
certain additional outputs are required, they can be re- 
quested by separate cards. If we had wanted only those 
outputs requested by PRINT (lo), PRINT (12), and 
PRINT (15)) we could have requested them in several 
ways. The first method would be input 

PRINT (10) = 1 

PRINT (12) = 1 

PRINT (15) = 1 

Another method would be to write 

PRINT (10) = 1, PRINT (12) = 1, PRINT (15) = 1 

or) finally, 

PRINT (10) = 1,0,1,0,0,1 

The second-case data block is entered with an END OF 
CASE control card. The second case is processed by the 

program initializing itself) the basic data, and finally 
reading the second-case data block. Any basic data 
which were overwritten in the first-case data block will 
be re-stored for subsequent case runs and the user is not 
required to re-enter the basic data values. 

The third case involves changes in the EIR and ESOL 
values for the L-shape. This then gives the results for 
Case b discussed by Bobco (Refs. 3, 4). The third data 
block is also ended with an END OF CASE control card. 

The fourth and final case illustrates the method by 
which the system of units may be changed. This fourth 
data block is also ended with an END OF CASE con- 
trol card. 

Finally, an END OF PROBLE control card follows 
the last END OF CASE control card. Its purpose is to 
signal the program that a new basic data block may fol- 
low. The sample problem consists of only one problem 
with four cases. Therefore, when the program expects to 
find a new basic data block and none is present, control 
is returned to the computer executive system and the job 
is terminated. 

The output for the sample problem is given in Table 4. 
The format of the output is described in Sect. VI. Note 
that all the shape factors sum to 1 as they should for any 
node with radiation exchange. Also note that only nodes 1 
through 4 receive direct solar input as indicated by a 
THETA value not equal to 90 deg and also indicated in 
the solar portion of the tabulated output. 
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1. UAY 6. 1969  VERSION, JAH X27771 CASE NUHBER 0 
TEHPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAO=X 

LOCAL RADIATION EQUILIBRIUU TEHPERATURES I N  SEHIGRAY ENCLOSURES. 
BOBCO*R.P.. ALLENYvG.E.1 AND OTHUERIP,W.. 
AEROSPACE TECHNOLOGY RESEARCH REPORT. 
SSD 6047513 REPORT NUMBER 17 DECEMBER 1966  
HUGHES AIRCRAFT COHPANY 
SPACE SYSTERS OIV IS ION 
LOSANGELES. CALIFORNIA 

REF. 3. BOBCO. R.P.. RADIATION FRO# A DIRECTIONAL SOURCE. BEAM 
DIVERGENCE I N  SOLAR SIUULATORSI J. ENGR. FOR POYER. TRANS-ASHEI 
SER.A. VOL.87. NO 3. 1965. PP-259-269. 

FIGURE 1. TEUPERATURE OISTRIBUTIDN OF AN L-SHAPE. Y=ZX 
1 2 3 4 5 6 7 

~ 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 3 4 5 6 7 8 9 0 1 2  
N=13 
Fi1,51= -29289 
F I l , 61=  .OS907 
F l l r 7 1 =  .03689 
Fi1.81. -01959 
F1 l19 I=  -01204 
Fi l . lOl=.00813 
F I l . l l l = .00585  
Fi1.121=.00441 
F l l r131= .53113  

Fi2,51= .08907 
Fi2.61= .11475 
FiZ171= .07454 
Fl2.81= .04712 
Fi2;91= .03144 
Fi2,101=.02218 
F iZ I l l I = .01638  
FIZ.L21=.01254 
Fl2.131=.59198 

F13.51= -03689 
Fl3.61= .07454 
Fi3.71. .07002 
Fi3.81. .OS461 
F i3 ,91=  .04104 
Fl3.101=.03107 
F13;111=.02399 
F(3.121=.01894 
F13r131=.64890 

Fl4.51= .01959 
F14,bI= .04712 
F I4+71=  -05461  
Fi4;81= .05025 
FI4.91= .04234 
F14.101=.03464 
F141111=.02821 
F14r121=.02311 
F14.13l=.70013 

F15.131=.56156 .. 
F I  6.131=. 67452 
FI7,131=.76394 

F19.131=.87314 
F(8,13 )=.a2843 -----. .----*----- 

F i  10~13 l= .90398  
F111.131=.92557 
F112.131=.94100 

A l l l = l .O  
Ai21=1.0 
Ai31=1.0 
Al41=1.0 
AI51=1-0 
Ai61=1.0 
Ai71=1.0 
A181=1.0 
A(91~1.0 
Al lOI=1.0 
AI111=1.0 
Ai121=1.0 
AI131=8.944272 

C 
C 
C 

C 

8 

THETA1 1 )  10.0 
THETAlZI=O.O 
THETAi3I=O.O 
THETA i41 =O .O 

EIR111=0.90 
EIRl21=0.90 
EIR131=0.90 
E IR 14 I =O .90 
EIRi51=0.90 
EIRI61=0.90 
EIRI71=0.90 
EIR181=0.90 

--SIGNIFIES THE M m T  OF THE 
ORIGINAL CMPUTW PAGE 

TITLE CARD 
T ITLE CARD 
COWUENT CARO 
CnWUENT CARO 
C ~ U U E N T  CARD 
COUHENT CARO 
COHHENT CARD 
COUUENT CARO 
COMUENT CARD 
COHHENT CARO 
COMUENT CARD 
COUMENT CARD 
C~UHENT CARD 
COUUENT CARO 
COUHENT CARD 
COUUENT CARO 
COUUENT CARD 
COMUENT CARO 
OATA CARO 
DATA CARO 
OATA CARO 
DATA CARD 
DATA CARD 
DATA CARO 
DATA CARD 
DATA CARO 
DATA CARO 
DATA CARO 
COUUENT CARD 
DATA CARO 
DATA CARD . . .  
DATA CARO 



C 
ESOLi11=0.18 
ESOLI21=0.18 
ESOLl3l=O.18 
ESOLl4l=O.l8 
ESOil5J=O.l8 
ESOL161=0.18 
ESOLi71=0.18 
€SOL18 1=0.18 
ESOL191=0.18 
ESOLl10l=0.18 
ESoLI111=0.18 
ESOLllZ)=O.18 
ESOL1131=1.0 
cT1131=-459.0 
END OF BASIC DATA 

.......................... ...- . _--. J-.A_...l L ~ .... ......... 

COMMENT CARD 
OATA CARD 
DATA CARD 
OATA CARD 
DATA CARD 
DATA CARO 
DATA CARO 
DATA CARD 
DATA CARD 
DATA CARO 
DATA CARD 
DATA CARD 
DATA CARD 
DATA CARD 
OAT& CARD 
CONTROL CARD 

TAS 1. MAY 6s 1969 VERSION, JAH X27771 CASE NUMBER 1 
TEMPERATURE D l S T R l B U T l O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=YI  STEP TREAO=X 

T CASE 1. Y=2X AN0 HHITE PAINT SURFACE 

C THE RESULTING TEMPERATURES ARE 
C CASE 1 CASE 4 
C OEG F OEG C 
C TI11 66.24 19.02 
C 1121 49.20 9.56 
c Ti31 39.89 4.38 
C TI41 34.11 1.17 
C TI51 12.79 -10.67 
C TI61 -27.19 -32-89 
C TI71 -62.91 -52-73 
C TI81 -96.37 -70.20 
C TI91 -121.45 -85.25 
C TI101 -144.50 -98.05 
C 11111 -164.12 -108.96 
C TI121 -180.92 -118.29 
C Ti131 -459.00 -272.78 A CONSTANT TEMPERATURE NODE 
C 

END OF CASE 

TITLE CARO 
COMMENT CARD 
COMRENT CARO 
COMMENT CARO 
COMMENT CARO 
COMMENT CARO 
COMMENT CARD 
COMMENT CARD 
COMMENT CARD 
COMMENT CARO 
COMMENT CARD 
COMMENT CARD 
COMUENT CARO 
COMMENT CARD 
COMMENT CARD 
COMUENT CARD 
COMMENT CARO 
COUMENT CARD 
COMMENT CARO 
CONTROL CARD 

............................ ly.L-L.L..l.. .. ...- ...-. ...... 
TAS 1 1  UAY 6. 1969 VERSION. JAH X2777. CASE NUMBER 1 

TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAO=X 
CASE 1, Y=2X AND WHITE PAINT SURFLCE 

THE RESIDUES ARE 
1 -0.223569630 02 2 = -0.113398170 02 3 = -0.289871550 01 4 = 0.400906410 01 5 * 0.387346810 02 
6 = 0.603594330 02 7 = 0.769325990 02 8 = 0.887441520 02 9 = 0.968912370 02 10 = 0.102496200 03 
11 = 0.106414170 03 12 = 0.109211680 03 13 = -0.241519770 04 

THE TEMPERATURES ARE 
1 = 0.680000000 02 2 = 0.680000000 02 3 = 0.680000000 02 4 = 0.680000000 02 5 = 0.680000000 02 
6 = 0.680000000 02 7 = 0.680000000 02 8 = 0~680000000 02 9 = 0.680000000 02 10 = 0.680000000 02 
11 = 0.680000000 02 12 = 0.680000000 02 13 * -0.459000000 03 

THE RESIDUES ARE 
1 = -0.425356310 01 2 = -0.534023840 01 3 = -0.471198680 01 4 = -0.361269240 01 5 = 0.502199290 01 
6 = 0.118527080 02 7 = 0.181240680 02 8 = 0-230771400 02 9 = 0.267183110 02 10 = 0.293264990 02 
11 = 0.311983910 02 12 = 0.325591170 02 13 = -0.192789980 04 

THE TEMPERATURES ARE 
1 = 0.662527340 02 2 = 0.501810270 02 
6 = -0.440455460 01 7 = -0.217135760 02 
11 = -0.509836620 02 12 = -0.536971660 02 

THE RESIDUES ARE 
1 = -0.416923350 00 2 = -0.881360620 00 
6 = 0.803220140 00 7 = 0.212145490 01 
11 = 0.754280490 01 12 I 0.834651840 01 

THE TEMPERATURES ARE 
1 = 0.662439940 02 2 = 0.492034450 02 
6 = -0.255400040 02 7 = -0.57473399D 02 
11 = -0.125237070 03 12 = -0.132662440 03 

THE RESIDUES ARE 
1 I -0.249537170-01 2 5 -0.659157720-01 
6 = 0.258150700-02 7 = 0.404537320-01 
11 E 0.103306910 01 12 = 0.136412860 01 

3 0.420558450 02 4 = 0.372391380 02 5 = 0.208594980 02 
8 = -0.336454710 02 9 I -0.416883880 02 10 = -0.471710890 02 
13 = -0.459000000 03 

3 = -0.105016600 01 4 = -0.105912430 01 5 0.104120610 00 
8 = 0.371191080 01 9 = 0.523095710 01 10 = 0.651537390 01 
13 = -0.119896880 04 

3 = 0.399035690 02 4 = 0.341437750 02 5 = 0.129880510 02 
8 = -0.825823360 02 9 5 -01101398680 03 10 = -0.115169820 03 
13 = -0.459000000 03 

3 = -0.905417600-01 4 = -0.100926410 00 5 = -0.116622671)-02 
8 = 0.162018370 00 9 = 0.389614310 00 10 - 0.695552390 00 
13 - -0.171140330 04 

THE TERPERATURES ARE 
1 = 0.662439930 02 2 = 0.492006230 02 3 = 0.398895900 02 4 = 0.341144470 02 5 = 0.121871590 02 
6 -0-271841510 02 7 = -0.628029840 02 8 = -0.938257350 02 9 = -0.119829810 03 10 = -0.140962760 03 
11 i. -0.157856320 03 12 = -0.171258300 03 13 = -0.459000000 03 

THE RESIDUES ARE 
1 -0-536455890-03 2 = -0.149461590-02 3 = -0.218871890-02 4 -0.258239310-02 5 = -0.421578590-04 
6 = -0.502581550-04 7 = -0.251392600-04 8 = 0-327552440-03 9 = 0.273659110-02 10 = 0.112761390-01 
11 = 0.307370260-01 12 = 0.637453090-01 13 = -0.176810190 04  

THE TEMPERATURES ARE 
1 = 0.662439930 02 2 = 0.492006230 02 3 = 0.398895890 02 4 * 0.341144440 02 5 = 0.127870310 02 
6 = -0.271935670 02 7 = -0.629121810 02 8 = -0.943650230 02 9 = -0~121438190 03 10 = -0.144438040 03 
11 = -01163929800 03 12 = -0-180445260 03 13 = -0.459000000 03 

THE RESIDUES ARE 
1 = -0.826459830-06 2 = -01233390670-05 3 = -0.349533830-05 4 = -0.422524750-05 5 = -0.661659240-07 
6 2 -0.801065060-07 7 = -0.679912750-07 8 = -0.511680170-07 9 3 0.100561810-06 10 = 0.309622710-05 
11 = 0.298820020-04 12 = 0.161596050-03 13 = -0.176800020 04 

THE TEMPERATURES ARE 
1 = 0.662439930 02 2 = 0.492006230 02 3 = 0.398895890 02 4 = 0.341144440 02 5 = 0.127870310 02 
6 -0.271935670 02 7 = -0.629122260 02 8 = -0.943662180 02 9 = -0.121449720 03 10 = -0.144496290 03 0332-459-3- 

L% T 32-1 9 



THE RESIDUES ARE 
1 = -0.459010610-11 2 = -0.124771300-10 
6 = -0.42277293U-12 7 = -0.419220210-12 

11 = 0.282094350-10 12 = 0.1046,5220-08 

THE TEMPERATURES ARE 
1 = 0.662439930 02 2 = 0.492006230 02 
6 = -0.271935670 02 7 = -0.629122260 02 ~ ~~~~ ~ ~ ~.~ . . ~  

11 = -0.164122020 03 12 = -0.180919420 03 

3 = -0.187938550-10 4 = -0.226876300-10 
8 -0.380140360-12 9 = -0.246913600-12 

13 -0-176800000 04 

3 = 0.398895890 02 4 = 0.341144440 02 
8 = -0.943662180 02 9 = -0.121449720 03 

13 = -0.459000000 03 

TAS I r  MAY 6r  1969 VERSION, JAH X2777. CASE NUMBER 1 
TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=Yt STEP TREAO=X 
CASE 1. Y=ZX AND WHITE P A I N T  SURFACE 

ENERGY PER U N I T  TlHE I N  1 5  NEGATIVE AN0 ENERGY PER UNIT TIME OUT IS P O S I T I V E  

D E T A I L  OF NODE 1 TEHPERATURE = 66.24 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUM = 0.10000 0 1  THETA = 0.000000-38 

NODE CONDUCTANCE P COHP F ASCRIPTFTIR Q COHP Q COUP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 0.00000-38 0.00000-38 0.00000-38 0.77630-02 -0.00000-38 0.40870 03 0.40870 03 
2 0.00000-38 0.00000-38 0.00000-38 0.33010-02 0.53540-01 -0.00000-38 0.53540-01 
3 0.00000-38 0.00000-38 0.00000-38 0.17900-02 0.43720-01 -0-00000-38 0.43720-01 
4 0.00000-38 0.00000-38 0.00000-38 0.11350-02 0.33240-01 -0.00000-38 0.33240-01 
5 0.00000-38 0.00000-38 0.29290 00 0.23750 00 0.10880 02 -0.42290 02 -0.31410 02 
6 0.00000-38 0.00000-38 0.89070-01 0.72270-01 0.51530 0 1  -0.93250 0 1  -0.41710 0 1  
7 0.00000-38 0.00000-38 0.36890-01 0.29950-01 0.26610 0 1  -0.21740 0 1  -0.11280 00 
8 0.00000-38 0.00000-38 0.19590-01 0.15910-01 0.16040 0 1  -0.10660 0 1  0.53870 00 
9 0.00000-38 0.00000-38 0.12040-01 0.97840-02 0.10660 0 1  -0.48310 00 0.58270 00 

1 0  0.00000-38 0-00000-38 0.81300-02 0.66080-02 0.75640 00 -0.24650 00 0.50990 00 
11 0.00000-38 O+OOOOO-38 0.58500-02 0147560-02 0.56270 00 -0.13740 00 0.42530 00 
1 2  0.00000-38 0.00000-38 0.44100-02 0.35860-02 0.43410 00 -0.82050-01 0.35200 00 
1 3  0.00000-38 0.00000-38 0.53110 00 0.50560 00 0.66460 02 -0.00000-38 0.66460 02 

TOTALS 0.00000-38 0.10000 0 1  0.89710 02 -0.89710 02 -0.45830-11 

D E T A I L  

NODE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

TOTALS 

OF NODE 2 

CONOUCTANCE 

O+OOOOO-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TEHPERATURE 
I R  EMITTANCE 
ILUM 
9 COMP 

-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0 1  
ASCRIPTFTIR 

0.33010-02 
0.00000-38 0.24960-02 
0.00000-38 0.18030-02 
0.00000-38 0.13330-02 
0.89070-01 0.72270-01 
0.11470 00 0.93030-01 
0.74540-01 0.60430-01 
0.47120-01 0.38200-01 
0.31440-01 0.25490-01 
0.22180-01 0.17980-01 
0.16380-01 0-13280-01 
0.12540-01 0.10170-01 
0.59200 00 0.56020 00 
0.10000 0 1  

= 49.20 
i 0.9000 
= 0.10000 

F 

0.00000-30 

AREA = 0.10000 0 1  

THETA = 0.000000-38 
P CONP P COMP 

SOLAR EMITTANCE = 0.1800 

JlRECT SOLAR -0.45200 03 
-0-53540-01 -0.00000-38 
-0.00000-38 0.39160 03 

0.14790-01 -0-00000-38 
0.17410-01 -0.00000-38 
0.21390 0 1  -0-12860 02 
0.51240 0 1  -0.12010 02 
0.43880 0 1  -0.56050 0 1  
0.32320 0 1  -0.25630 0 1  
0.23630 0 1  -0.12610 0 1  
0.17670 0 1  -0.67260 00 
0.13560 0 1  -0.38470 00 
0.10660 0 1  -0.23330 00 
0.64550 02 -0.00000-38 
0.85970 02 -0.85970 02 

TOTAL 
-0.44200 03 
-0.53540-01 

0.39160 03 
0.14790-01 
0-17410-01 

-0.10720 02 
-0.68890 0 1  
-0.12170 0 1  

0.66850 00 
0.11020 0 1  
0.10940 0 1  
0.97130 00 
0.83270 00 
0.64550 02 

-0.12460-10 

. P:PPP.o?;3?.7 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-30 

-0-43720-01 
-0.14790-01 

0.38280 03 
0.58050-02 

D E T A I L  OF NOOE 3 TEUPERATURE = 39.89 AREA = 0.10000 0 1  
I R  EMITTANCE = 0.9000 SOLAR EUITTANCE = 0.1800 
I LUM = 0.10000 0 1  THETA = 0.000000-38 

NODE CONDUCTANCE Q COMP F ASCRIPTFTIR Q COHP P COMP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 0.00000-38 -0.00000-38 0.00000-38 0.17900-02 -0.43720-01 -0.00000-38 
2 0.00000-38 -0.00000-3R 0.00000-38 0.18030-02 -0.14790-01 -0.00000-38 

4 0.00000-38' 0.00000-38 0.11940-02 0.58050-02 -0-00000-38 
5 0.00000-38 0.36890-01 0.29960-01 0.64080 00 -0.53270 0 1  -0.46860 0 1  
6 0.00000-38 0.74540-01 0+60430-01 0.28330 0 1  -0.78030 0 1  -0.49700 0 1  
7 0.00000-38 0.70020-01 0.56750-01 0.36560 0 1  -0.52650 0 1  -0.16090 0 1  
8 0.00000-38 0.00000-38 0.54610-01 0.44260-01 0-33810 01 -0.29710 0 1  0.41070 00 
9 0.00000-38 0.00000-38 0-41040-01 0.33260-01 0.28110 0 1  -0.16470 0 1  0.11640 0 1  

1 0  0.00000-38 0.00000-38 0.31070-01 0.25180-01 0.22670 0 1  -0.94220 00 0.13250 0 1  
11 0.00000-38 0.00000-38 0.23990-01 0.19440-01 0.18260 0 1  -0.56340 00 0.12620 0 1  
1 2  0.00000-38 0.00000-38 0.18940-01 0.15350-01 0.14830 0 1  -0.35240 00 0.11310 0 1  
1 3  0.00000-38 0.00000-38 0.64890 00 0.60910 00 0.65190 02 -0.00000-38 0.65190 02 

TOTALS 0.00000-38 0.10000 0 1  0.84040 02 -0.84040 02 -0.18760-10 

3 0.00000-38 .?~.?Ooo0~.7.??. . P I  !?S!kPP. :9*99PPR-??. .Pr2BZBP,P> 

OETAIL OF NOOE 4 TEMPERATURE = 34.11 AREA = 0.10000 0 1  
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUM = 0.10000 0 1  THETA = 0.000000-38 

NODE CONDUCTANCE 9 COMP F ASCRIPTFTIR Q COMP P COHP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 0.00000-38 -0.00000-38 0.00000-30 0.11350-02 -0.33240-01 -0-00000-38 -0.13240-01 
2 0.00000-38 -0.00000-38 0.00000-38 0.13330-02 -0.17410-01 -0.00000-38 -0.17410-01 
3 0.00000-38 -0.00000-38 0.00000-38 0.11940-02 -0.58050-02 -0.00000-38 -0.58050-02 
4 0.00000-38 0.00000-38 0.00000-38 0.10080-02 -0.00000-38 0.37760 03 0.37760 03 
5 0.00000-38 0.00000-38 0.19590-01 0.15920-01 0.26320 00 -0.28290 0 1  -0.25660 01 
6 0.00000-38 0.00000-38 0.47120-01 0-38210-01 0.16060 0 1  -0.49330 0 1  -0.33270 0 1  
7 0.00000-38 0.00000-38 0.54610-01 0.44260-01 0.26360 0 1  -0.41060 0 1  -0.14700 0 1  
8 0.00000-38 0.00000-38 0.50250-01 0.40720-01 0.29130 0 1  -0.27330 0 1  0.17960 00 
9 0.00000-38 0.00000-38 0.42340-01 0-34310-01 0.27330 01 -0.16990 0 1  0.10340 0 1  

1 0  0.00000-38 0.00000-38 0.34640-01 0.28070-01 0.23910 0 1  -0.10500 0 1  0.13410 0 1  
I1 0.00000-38 0.00000-38 0.20210-01 0.22860-01 0.20350 0 1  -0.66250 00 0.13730 0 1  
1 2  0.00000-38 0.00000-38 0.23110-01 0.18730-01 0.17190 0 1  -0.43000 00 0.12890 0 1  
1 3  0.00000-38 0.00000-38 0.70010 00 0.65230 00 0.66640 02 -0-00000-38 0.66640 02 

TOTALS 0.00000-38 0.10000 0 1  0.82880 02 -0.82880 02 -0.22700-10 

5 = -0.380140360-12 
1 0  = 0.488498130-13 

5 = 0.127870310 02 
1 0  = -0-144496310 03 



DETAIL  

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

TOTALS 

OF NODE 5 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
o.oaooo-38 .~ . .~~.  ~~ 

0.00000-38 
0.00000-38 
0.00000-38 
o.oonoo-38 
0.0( 
0.00000-38 

TEMPERATURE 
I R  EHITTANCE 
ILUM 

Q COMP 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-3R 
0.00000-38 

0.77420-02 
0.32430-02 
0.17120-02 
0.10490-02 
0.70350-03 
0.50160-03 
0.37410-03 
0.28890-03 
0.52870 00 

= 12.79 AREA = 0.10000 0 1  
= 0.9000 SOLAR EUITTANCE = 0.1800 
= 0.00000-38 

F ASCRIPTFTIR  Q COMP Q COMP 
0.29290 00 0.23750 00 -0.10880 02 -0.11970 03 
0.89070-01 0.72270-01 -0.21390 0 1  -0.34880 02 
0.36890-01 0.29960-01 -0.64080 00 -0.14120 02 
0.19590-01 0.15920-01 -0.26320 00 -0.73960 0 1  
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.OOOOD-38 
0.00000-38 
0.00000-38 
0.56160 00 
0.10000 0 1  

THETA = 0.900000 02 

0.14440 03 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0.44410-01 -0.00000-38 
0.34440-01 -0.00000-38 
0.27120-01 -0.00000-38 
0.21740-01 -0.00000-38 
0.45280 02 
0.31700 02 

-0.00000-38 
-0.31700 02 

TOTAL 
-0.13060 03 
-0.37020 02 
-0.14760 02 
-0.76600 0 1  

0.144iO 03 
0.82690-01 
0.73640-01 
0.57720-01 
0.44410-01 
0.34440-01 
0.27120-01 
0.21740-01 
0.45280 02 

-0.37660-12 

8 0.00000-38 0.00000-38 
9 0.00000-38 0.00000-38 

1 0  0.00000-38 0.00000-38 
11 0.00000-38 0.00000-38 
1 2  0-00000-38 0.00000-38 
1 3  0.00000-38 0.00000-38 

TOTALS 0.00000-38 

DETAIL  OF NODE 7 TEMPERATURE 
I4 EMITTANCE 
ILUM 

NODE CONDUCTANCE 9 COMP 
1 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 
3 0.00000-38 -0.00000-38 
4 0.00000-38 -0.00000-38 
5 0.00000-38 -O.OOOOO-~~ 
6 0.00000-38 -0.00000-38 
7 0.00000-38 0.00000-38 
R o.mooo-38 o.ooooo-38 
9 0.OOOOD-38 0.00000-38 

10 0.00000-38 0.00000-38 
11 0-00000-38 0.00000-38 
1 2  0.00000-38 0.00000-38 
1 3  0.00000-38 0.00000-38 

TOTALS 0.00000-38 

DETAIL  OF NODE 8 TEMPERATURE 
I R  EMITTANCE 
ILUM 

NODE CONDUCTANCE Q COHP 
1 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 
3 0.00000-38 -0.00000-38 
4 0.00000-38 -0.00000-38 
5 0.00000-38 -0.00000-38 
6 0.00000-38 -0.00000-38 
7 0.00000-38 -0.00000-38 
8 0.00000-38 0.00000-38 
9 0.00000-38 0.00000-38 

1 0  0.00000-38 0.00000-38 
11 0.00000-38 0.00000-38 
12 0.00000-38 0.00000-38 
1 3  0.00000-38 0.00000-38 

TOTALS 0.00000-38 

D E T A I L  OF NODE 9 TEMPERATURE 
I R  EMITTANCE 
I L U H  

NODE CONDUCTANCE Q COMP 
1 0.00000-38 -0.00000-38 

= -62.91 AREA = 0.1000D 0 1  
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR a COUP a COUP TOTAL 
0.36890-01 0.29950-01 -0.26610 0 1  -0.15080 02 -0.17740 02 
0.74540-01 0.60430-01 -0.43880 0 1  -0.29190 02 -0.33580 02 
0.7CO20-01 0.56750-01 -0.36560 0 1  -0.26810 02 -0.30460 02 
0.54610-01 0.44260-01 -0.26360 O f  -0.20620 02 -0.23250 02 
0.00000-38 0.17120-02 -0.73640-01 -0.00000-38 -0.73640-01 
0.00000-38 0.15920-02 -0.27900-01 -0.00000-38 -0.27900-01 
0.00000-38 0.12000-02 -0.00000-38 0.75190 02 0.75190 02 
0.00000-38 0.87580-03 0.10490-01 -0.00000-38 0.10490-01 
0.00000-38 0.64640-03 0.12990-01 -0.00000-38 0.12990-01 
0.00000-38 0.48800-03 0.12510-01 -0.00000-38 0-12510-01 
0.00000-38 0-37750-03 0.11130-01 -0.00000-38 0.11130-01 
0.00000-38 0.29880-03 0.96250-02 -0.00000-38 0.96250-02 
0.76390 00 0.70140 00 0.29890 02 -0.00000-38 0.29890 02 
0.10000 0 1  0.16500 02 -0.16500 02 -0.41570-12 

= -94.37 AREA = 0.10000 0 1  
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR 9 COMP a COMP TOTAL 
0.19590-01 0.15910-01 -0.16040 0 1  -0.80060 0 1  -0.96110 0 1  
.. .. ....- ~- .. ... 
0.54610-01 0.44260-01 -0.3 

. _ _  ~ _ .~  . .- 
) 02 -0.24290 02 

0.50250-01 0.40720-01 -0 -29130 0 1  -0.18970 02 -0.21890 02 
0.00000-38 0.10490-02 -0.57720-01 -0.00000-38 -0.57720-01 
0.00000-38 0.11020-02 -0.32520-01 -0.00000-38 -0.32520-01 
0.00000-38 0.87580-03 -0-10490-01 -0.00000-38 -0.10490-01 
0.00000-38 0.65750-03 -0.00000-38 0.54400 02 0.54400 02 
0.00000-38 0.49330-03 0-40040-02 -0.00000-38 0.40040-02 
0.00000-38 0.37620-03 0.51360-02 -0.00000-38 0.51360-02 
0.00000-38 0.29290-03 0.51260-02 -0.00000-38 0.51260-02 
0.00000-38 0.23290-03 0.47120-02 -0.00000-38 0.47120-02 
0.82840 00 0.75580 00 0.23150 02 -0.00000-38 0.23150 02 
0.10000 0 1  0.11940 02 -0.11940 02 -0.36770-12 

= -121.45 AREA = 0.10000 0 1  
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 

F ASCRIPTFTIR Q COUP a COUP TOTAL 
0.12040-01 0.97840-02 -0.10660 0 1  -0.49210 0 1  -0.59870 01 

THETA = 0.900000 02 

2 0.00000-38 -0.00000-38 0.31440-01 0.25490-01 -0.23630 0 1  -0.12310 02 -0.14680 02 
3 0.00000-38 -0.00000-38 0.41040-01 0.33260-01 -0.28110 0 1  -0.15710 02 -0.18520 02 
4 0.00000-38 -0.00000-38 0.42340-01 0.34310-01 -0.27330 01 -0.15990 02 -0.18720 02 
5 0.00000-38 -0.00000-38 0.00000-38 0.70350-03 -0.44410-01 -0.00000-38 -0.44410-01 
6 0.00000-38 -0.00000-38 0.00000-38 0.78930-03 -0.29700-01 -0.00000-38 -0.29700-01 
7 0.00000-38 -0.00000-38 0.00000-38 0.64640-03 -0.12990-01 -0.00000-38 -0.12990-01 
8 0 . 0 0 0 0 0 - 3 8 = ~ ~ ~ ~ ~ ~ l ~ - O ~ ~ ~ ~ O - 3 8  0 . 4 9 3 3 u 3  -0-40040-02 -0 00000-38 -0.40040-02 

1 0  0.00000-38 0.00000-38 0.00000-38 0.28670-03 0.15860-02 -0.00000-38 0.15860-02 
9 o.ooooo-38 o.ooooo-38 o . o o o ~ o ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ - o ~ ~ ~ o ~ o ~ ~ ~ ~ o ~ ~ ~ ~ i ~ ~ ~ ~ ~ o . ~ o i z o  02 

11 0.00000-38 0.00000-38 0.00000-38 0.22410-03 0.21020-02 -0.00000-38 0.21020-02 
1 2  0.00000-38 0.00000-38 0.00000-38 0.17860-03 0.21640-02 -0.00000-38 0.21640-02 
1 3  0.00000-38 0.00000-38 0.87310 00 0.79350 00 0.17870 02 -0.00000-38 0.17870 02 

TOTALS 0.00000-38 0.10000 0 1  0.88080 0 1  -0.88080 0 1  -0.24510-12 

1 



D E T A I L  OF NODE 10 TEMPERATURE = -144.50 AREA = 0.10000 01 
1R EMITTANCE = 0.9000 SOLAR EUITTANCE I 0.1800 
ILUM = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.81300-02 0-66080-02 -0.75640 00 -0.33230 01 -0.40790 01 
2 0.00000-38 -0.00000-38 0.22180-01 0.17980-01 -0.17670 01 -0.86860 01 -0.10450 02 
3 0.00000-38 -0-00000-38 0.31070-01 0.25180-01 -0.22670 01 -0.11890 02 -0.14160 02 
4 0.00000-38 -0.00000-38 0.34640-01 0-28070-01 -0.23910 01 -0.13080 02 -0.15470 02 
5 0.00000-38 -0.00000-38 0-00000-38 0.50160-03 -0.34440-01 -0.00000-38 -0.34440-01 
6 0.00000-38 -0-00000-38 0.00000-38 0.58520-03 -0.25260-01 -0.00000-38 -0.25260-01 
7 0.00000-38 -0.00000-38 0.00000-38 0.48800-03 -0.12510-01 -0.00000-38 -0.12510-01 
8 0.00000-38 -0.00000-38 0.00000-38 0.37620-03 -0.51360-02 -0.00000-38 -0.51360-02 
9 0.00000-38 -0.00000-38 0-OCOOO-38 0.28670-03 -0.15860-02 -0.00000-38 -0.15860-02 
10 0.00000-38 0.00000-38 0.00000-38 0.22070-03 -0.00000-38 0.30330 02 0.30330 02 

NDOE CONDUCTANCE Q c o w  F ASCRIPTFTIR a COMP a COUP TOTAL 

11 0.00000-38 0.00000-38 0.00000-38 0.17290-03 0.66530-03 -0.00000-38 0;66530-03 
12 0.00000-38 0.00000-38 0.00000-38 0.13800-03 0.90910-03 -0.00000-38 0.90910-03 
13 0.00000-38 0.00000-38 0.90400 00 0.81940 00 0.13920 02 -0.00000-38 0.13920 02 

TOTALS 0.00000-38 0.10000 01 0.66570 01 -0.66510 01 0.56840-13 

D E T A I L  OF NODE 11 TEMPERATURE = -164.12 AREA = 0.10000 01 
I R  EnlTTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUM = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.58500-02 0-47560-02 -0.56270 00 -0.23910 01 -0.29540 01 
2 
3 
4 

NODE CONDUCTANCE 9 COWP F ASCRIPTFTIR a COMP a COMP TOTAL 

5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

-0.00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.16380-01 
0,23990-01 
0.28210-01 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.92560 00 
0.10000 01 

0.13280-01 
0.19440-01 
0.22860-01 
0-37410-03 
0.44740-03 
0-37750-03 
0.29290-03 
0.22410-03 
0.17290-03 
0.13570-03 
0.10840-03 
0.83750 00 

-0.13560 01 
-0.18260 01 
-0.20350 01 
-0.27120-01 
-0.21030-01 
-0.11130-01 
-0.51260-02 
-0.21020-02 
-0.66530-03 
-0.00000-38 
0.29690-03 
0.11000 02 
0.51550 01 

-0.64150 01 
-0.91840 01 
-0.10650 02 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 -0.00000-38 

-0.00000-38 
0.23490 02 

-0.00000-38 
-0.00000-38 
-0.51550 01 

-0.77710 01 
-0.11010 02 
-0.12690 02 
-0.27120-01 
-0.21030-01 
-0.11130-01 
-0.51260-02 
-0.21020-02 
-0.66530-03 
0.23490 02 
0.29690-03 
0.11000 02 
0.28220-10 

DETAIL OF NODE 12 TEMPERATURE = -180.92 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
I L U M  = 0.00000-38 THETA I 0.900000 02 

1 0.00000-38 -0.00000-38 0.44100-02 0.35860-02 -0.43410 00 -0-18020 01 -0.22360 01 
2 0.00000-38 -0.00000-38 0.12540-01 0.10170-01 -0.10660 01 -0.49110 01 -0.59770 01 
3 0.00000-38 -0.00000-38 0.18940-01 0.15350-01 -0.14830 01 -0.72510 01 -0.87340 01 
4 0.00000-38 -0.00000-38 0.23110-01 0.18730-01 -0.17190 01 -0.87250 01 -0.10440 02 
5 0.00000-38 -0.00000-38 O.OCOO0-38 0.28890-03 -0.21740-01 -0.00000-38 -0.21740-01 
6 0.00000-38 -0.00000-38 0.00000-38 0.35130-03 -0.17410-01 -0.00000-38 -0.17470-01 
7 0.00000-38 -0.00000-38 0.00000-38 0.29880-03 -0.96250-02 -0.00000-38 -0-96250-02 
8 0.00000-38 -0.00000-38 0.00000-38 0.23290-03 -0.47120-02 -0.00000-38 -0.47120-02 
9 0.00000-38 -0.00000-38 0.00000-38 0.17860-03 -0.21640-02 -0.00000-38 -0.21640-02 

10 0.00000-38 -0.00000-38 0.00000-38 0.13800-03 -0.90910-03 -0.00000-38 -0.90910-03 
11 0.00000-38 -0.00000-38 0.00000-38 0.10840-03 -0.29690-03 -0 00000-38 -0 29690-03 

13 0.00000-38 0.00000-38 0.94100 00 0.85050 00 0.88430 01 -0.00000-38 0.88430 01 
TOTALS 0.00000-38 0.10000 01 0.40840 01 -0.40840 01 0.10470-08 

NODE CONDUCTANCE 0 COMP F ASCRIPTFTIR a COMP a COMP TOTAL 

12 o.ooo00-38* * m m 6 : ; i  .m~:di i i r~: j f f  * b*.~6~~~~di.-.d:ddddb:je * *ciki;ia-ai. *d: is610 02 

D E T A I L  OF NODE 13 TEMPERATURE I -459.00 AREA = 0.89440 01 
IR EMITTANCE = 1.0000 SOLAR EMITTANCE = 1.0000 
I L U H  = 0.00000-38 THETA = 0.900000 02 

T H I S  15 A CONSTANT TEMPERATURE NODE 
NODE CONDUCTANCE P COMP F ASCRIPTFTIR a COUP a COMP TOTAL 

1 0.00000-38 -0.00000-38 0.59380-01 0.50560 00 -0.66460 02 -0.21710 03 -0.28350 03 
2 0.00000-38 -0.00000-38 0.66190-01 0.56020 00 -0.64550 02 -0.23180 03 -0.29640 03 
3 0.00000-38 -0.00000-38 0.72550-01 0.60910 00 -0.65190 02 -0.24840 03 -0.31360 03 
4 0.00000-38 -0.00000-38 0.78280-01 0.65230 00 -0.66640 02 -0.26430 03 -0.33100 03 
5 0.00000-38 -0.00000-38 0.62780-01 0.52870 00 -0.45280 02 -0.81090 02 -0.12640 03 
6 0.00000-38 -0.00000-38 0.75410-01 0.62560 00 -0.37630 02 -0.70610 02 -0.10820 03 
7 0.00000-38 -0.00000-38 0.85410-01 0.70140 00 -0.29890 02 -0.51440 02 -0.87330 02 
8 0.00000-38 -0.00000-38 0.92620-01 0.75580 00 -0.23150 02 -0.55060 02 -0.68220 02 
9 0.00000-38 -0.00000-38 0.97620-01 0.79350 00 -0.17870 02 -0.35030 02 -0+52900 02 
10 0.00000-38 -0.00000-38 0.10110 00 0.81940 00 -0.13920 02 -0.21410 02 -0.41330 02 
11 0.00000-38 -0.00000-38 0.10350 00 0.83750 00 -0.11000 02 -0.21740 02 -0.32740 02 
12 0.00000-38 -0.00000-38 0.10520 00 0.85050 00 -0.88430 01 -0.17510 02 -0.26350 02 
13 0.00000-38 0.00000-38 0~00000-38 0.70470 00 -0-00000-38 0.00000-38 0.00000-38 

TOTALS 0.00000-38 0.10000 01 -0.45040 03 -0.13180 04 -0.17680 04 

TAS 1. MAY 61 1969 VERSION, JAH X2777. CASE NUMBER 2 
TEMPERATURE D I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAD=X 

T CASE 21 SAME CONOITIONS AS CASE 11 BUT DETAILED PRINTOUT REaRESTEO T I T L E  CARO 

C23456789012345678901234567890123456789012345678901234567890123456189012 COMMENT CARO 
P R l N T l l O l = l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l , l , l , l , l  DATA CARO 
EN0 OF CASE CONTROL CARO 

C 1 2 3 4 5 6 7 COHMENT CARO 

INAUE2 

N =  13, 

BOLT2 = 0.17140000000000000-08, 

SOLCON = 0.44199999999999990 03, 

RELTOL = 0.99999999999999970-05. 

ABSCVN = 0.45999999999999990 03, 

N I T E R  = 15s 

I END --- ---- ---.--.-. 
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T I S  I r  HAY 6r 1969 VERSION. JAH X27771 CASE NUMBER 2 
TEMPERATURE D I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=V, STEP TREAO=X 
CASE 2, SAME CONOITIONS AS CASE 1. BUT OETAILEO PRINTOUT REPRESTEO 

THE SVHHETRIC CONOUCTION MATRIX IS 

ROW 1 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 2 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 3 
1 = 0.000000000-38 

11 = 0.000000000-38 

ROW 4 

6 = 0~000000000-38 

1 = 0.00000000D-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 5 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 6 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 7 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 8 
1 = 0~000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 9 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 10 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 11 
1 = 0.000000000-38 
6 = 0.000000000-38 
11 = 0.000000000-38 

2 = O.OOOCCOOOO-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.00000000D-38 
12 = 0.000000000-38 13 = 0~000000000-38 

2 = 0.000CCOOOU-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000CCOOOD-38 13 I 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 

12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.0000C0000-38 8 = 0.000000000-38 
12 = 0.000C00000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0~000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.000000000-38 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.000000000-38 6 = 0.00000000D-38 
12 = 0.000000000-38 13 = 0.000000000-38 

4 = 01000000000-38 5 = 0.000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

4 =  
9 1  

01000000000-38 
0~000000000-38 

5 
10 

4 = 0.00000000D-38 5 * 0.000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

4 = 0.000000000-38 5 = 0~000000000-38 
9 = 0.000000000-38 10 = 0~000000000-38 

4 = 0.000000000-38 5 = 0.000000000-38 
9 = 0.000000000-38 10 = 0.00COOOOOO-38 

4 = 0.000000000-38 5 = 0~000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

4 = 0.000000000-38 5 = 0.000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

4 = 0.000000000-38 5 = 0.000000000-38 
9 = 0.000000000-38 LO = 0.000000000-38 

4 =  
9 =  

0.000000000-38 
0.000000000-38 

5 
10 

0.000000000-38 
0.000000000-38 

4 - 0.000000000-38 5 = 0.000000000-38 
9 = 0~000000000-38 10 = 0.000000000-38 

4 - 0.000000000-38 5 = 0~00000000D-38 
9 = 0.000000000-38 10 = 0.000000000-38 

ROY 12 ........................................................................... 
1 = 0.000000000-38 2 = 0.OCOOCOoOO-38 3 = 0.000000000-38 4 = 0.000000000-38 5 = 0.000000000-38 
6 = 0.000000000-38 7 = 0.0000C0000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 

11  = 0 . 0 0 0 0 0 0 0 0 0 - 3 8  12 = 0.000000000-38 13 = 0.000000000-38 

ROU 13 
1 = 0.000000000-38 2 = 0.0000C0000-38 3 = 0.000000000-38 4 = 0.00000000D-38 5 = 0.000000000-38 
6 = 0.000000000-38 7 = 0.000000000-38 8 = 0.OOOOOOOOO-38 9 * 0.000000000-38 10 = 0.000000000-38 
11 = 0.000000000-38 12 = 0.000000000-38 13 = 0.000000000-38 ............................................................................. 

TAS 1. HAY 6 ,  1969 VERSION, JAH X27771 CASE NUNBER 2 
TEMPERATURE OISTRl8UTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=YI STEP TREAD-X 
CASE 21 SAME CONDITIONS AS CASE l r  BUT OET&ILEO PRINTOUT REQRESTEO 

THE SYWHETRIC FA I I A T R I X  I S  

ROW 1 
1 0~000000000-38 
6 = 0.890700000-01 
11 = 0.585000000-02 

ROW 2 
1 = 0.000000000-38 
6 = 0.114750000 00 
11 = 0.163800000-01 

ROW 3 
1 = 0~000000000-38 
6 = 0.745400000-01 
11 = 0.239900000-01 

ROW 4 
1 = 0.000000000-38 
6 0.471200000-01 
11 = 0.282100000-01 

ROW 5 
1 = 0.292890000 00 
6 = 0.000000000-38 
11 = 0.000000000-38 

RObi 6 
1 = 0.890700000-01 
6 = 0~000000000-38 
11 = 0.000000000-38 

2 = 0-000000000-38 3 = 0~000000000-38 4 0~000000000-38 5 = 0.292890000 00 
7 = 0.368900000-01 8 = 0.195900000-01 9 = 0.120400000-01 10 = 0.813000000-02 
12 = 0~441000000-02 13 = 0.531130000 00 

2 = 0-000000000-38 3 = 0.000000000-38 4 = 0~000000000-38 5 = 0.890700000-01 
7 = 0.745400000-01 8 = 0.471200000-01 9 = 0.314400000-01 10 = 0.221800000-01 
12 = 0-125400000-01 13 = 0.591980000 00 

2 = 0~000000000-38 3 0.000000000-38 4 = 0~000000000-38 5 = 0.368900000-01 
7 0~700200000-01 8 = 0.546100000-01 9 = 0~410400000-01 10 = 0.31070000D-01 
12 = 0.189400000-01 13 = 0.648900000 00 

2 0~000000000-38 3 0.000000000-38 4 0~000000000-38 5 = 0.195900000-01 
7 = 0~546100000-01 8 = 0.502500000-01 9 = 0.423400000-01 10 = 0.346400000-01 
12 = 0~231100000-01 13 = 0.700130000 00 

2 = 0.890700000-01 3 i 0.368900000-01 4 = 0.195900000-01 5 = 0.000000000-38 
7 0~000000000-38 8 = 0~000000000-38 9 = 0~000000000-38 10 = 0.000000000-38 
12 = 0~000000000-38 13 = 0.561560000 00 

2 = 0-114750000 00 3 = 0.745400000-01 4 * 0.471200000-01 5 = 0.000000000-38 
7 = O.OOOOOOOOO-38 8 = 0-000000000-38 9 = 0~000000000-38 10 * 0.000000000-38 
12 = 0~000000000-38 13 = 0.674520000 00 
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ROH 7 
1 = 0.368900000-01 
6 = 0.000000000-38 
11 = 0.000000000-38 

2 = 0.145400000-01 3 = 0.700200000-01 4 = 0.546100000-01 5 = 0.000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.763940000 00 

ROW 8 
1 = 0.195900000-01 
6 = 0~000000000-38 

11 = 0.000000000-38 

ROW 9 
1 = 0.120400000-01 
6 = 0~000000000-38 
11 = 0~000000000-38 

2 = 0.471200000-01 3 = 0.546100000-01 4 = 0.502500000-01 5 = 0.000000000-38 
1 = 0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 
12 = 0.0000C0000-38 13 = 0.828430000 00 

2 = 0.314400000-01 3 = 0.410400000-01 4 = 0.423400000-01 5 = 0~000000000-38 
7 = 0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.813140000 00 

ROW 10 
1 = 0.813000000-02 

11 = 0~000000000-38 
6 = o.ooaooooo~-38 

2 = 0.221800000-01 3 = 0~310700000-01 4 = 0.346400000-01 5 = 0~000000000-38 
1 = 0.000000000-38 8 = 0~000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.903980000 00 

ROW 11 
1 = 0.585000000-02 
6 = 0.000000000-38 
11 = 0.000000000-38 

2 = 0.163800000-01 3 = 0.239900000-01 4 = 0.282100000-01 5 = 0~000000000-38 
7 = 0.000000000-38 8 = O~OOOOOOOCD-38 9 = 0.000000000-38 10 = 0~000000000-38 
12 = 0.000000000-38 13 = 0.925570000 00 

ROW 12 .......-UYY-~ULL.Y.~.........U.-..................................... 
1 = 0.441000000-02 2 = 0.1254C0000-01 3 = o.i894oooo~-oi 4 = 0.23iioooo~-oi 5 = o.ooaoaoooo-38 
6 = 0.000000000-38 1 = 0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 I 0~000000000-38 
11 = 0~000000000-38 12 = 0.00CCCOOOO-38 13 = 0~941000000 00 

ROW 13 
1 = 0-531130000 00 2 = 0.591980000 00 3 = 0.648900000 00 4 = 0.700130000 00 5 = 0.561560000 00 
6 = 0-674520000 00 7 = 0.163940000 00 8 = 0.828430000 00 9 = 0.873140000 00 10 = 0.903980000 00 

11 = 0.925570000 00 12 = 0.941000000 00 13 = 0.000000000-38 ............................................................................. 

TAS I r  HAY 6, 1969 VERSION, JAN X2177, CASE NUMBER 2 
TEMPERATURE OISTRl8UTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y, STEP TREAO=X 
CASE 2, SAME CONDITIONS AS CASE 1, BUT OETAILED PRINTOUT REQRESTEO 

THE F MATRIX IS 

ROW 1 
1 = 0.000000000-38 
6 = 0.890700000-01 
11 = 0.585000000-02 

ROW 2 
1 = 0.000000000-38 
6 = 0.114750000 00 
11 = 0-163800000-01 

ROH 3 
1 = 0~000000000-38 
6 = 0.745400000-01 
11 = 0.239900000-01 

ROH 4 
1 = 0.000000000-38 
6 = 0.471200000-01 

11 = 0.282100000-01 

ROW 5 
1 = 0.292890000 00 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 6 
1 = 0.890700000-01 
6 = 0.000000000-38 
I1 = 0.00000000U-38 

2 = 0.000000000-38 3 = 0~000000000-38 
7 = 0.368900000-01 8 = 0.195900000-01 
12 = 0.4410C0000-02 13 = 0.531130000 00 

4 = 0.000000000-38 5 = 0.292890000 00 
9 = 0.120400000-01 10 = 0.813000000-02 

2 = 0.000000000-38 3 = 0.000000000-38 
7 = 0.145400000-01 8 = 0.471200000-01 
12 = 0.125400000-01 13 = 0.591980000 00 

4 = 0.000000000-38 5 = 0.890700000-01 
9 = 0.314400000-01 10 = 0.221800000-01 

2 = 0.0000COOOO-38 3 = 0.000000000-38 
7 = 0.700200000-01 8 = G.546100000-01 
12 = 0.189400000-01 13 = 0.b48900000 00 

4 = 0.000000000-38 5 = 0.368900000-01 
9 = 0.410400000-01 LO = 0.310700000-01 

2 = 0.000000000-38 3 = 0~000000000-38 
7 = 0.546100000-01 8 = 0.502500000-01 
12 = 0.231100000-01 13 = 0.700130000 00 

4 = 0.000000000-38 5 = 0.195900000-01 
9 = 0.423400000-01 10 = 0.346400000-01 

2 = 0.890700000-01 3 = 0.368900000-01 
7 = 0.000000000-38 8 = 0~000000000-38 
12 = 0.00C000000-38 13 = 0.561560000 00 

4 = 0.195900000-01 5 = 0~000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

2 = 0.114750000 00 3 = 0.745400000-01 
7 = 0.000000000-38 8 = 01000000000-38 
12 = 0.000000000-38 13 = 0.674520000 00 

2 = 0.745400000-01 3 = 0.700200000-01 
7 0.000000000-38 8 = 0.000000000-38 
12 = 0.000000000-38 13 = 0.763940000 00 

4 = 0.411200000-01 5 = 0~000000000-38 
9 3 0~000000000-38 10 = 0.000000000-38 

ROW 7 
1 = 0.3689OOOOD-01 
6 = 0.000000000-38 

11 = 0.000000000-38 

4 1  
9 =  

0.546100000-01 
0.000000000-38 

5 =  
10 = 

0~000000000-38 
0.000000000-38 

ROH 8 
1 = 0.195900000-01 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 9 
1 = 0.120400000-01 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 10 
1 = 0.8i3aooooo-02 
6 = 0.000000000-38 
11 = 0.000000000-38 

ROW 11 
1 = 0.585OOOOOD-02 
6 = 0.000000000-38 
11 = 0.000000000-38 

2 = 0.471200000-01 3 = 0.546100000-01 

12 E 0 .000000000-38  13 = 0.828430000 00 
r = o.oooooooo~-3~ 8 = o.oooooooor~-38 

4 E 0.502500000-01 5 = 0~000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

2 = 0.3144COOOO-01 3 = 0.410400000-01 
7 = 0.000000000-38 8 = 0.000000000-38 
12 : 0.000000000-38 13 = 0.873140000 00 

2 s 0.22180000U-01 3 = 0.310700000-01 
7 = 0.0000COOOO-38 8 = 0.000000000-38 

12 = 0.0000C0000-38 13 = 0.903980000 00 

2 = O.lb38C0000-01 3 i 0.239900000-01 
7 = 0.0000C0000-38 8 = 0.000000000-38 
12 = O.OOCOOOOO0-38 13 = 0.925570000 00 

4 = 0.423400000-01 5 = 0.000000000-38 
9 E 0.000000000-38 10 = 0.000000001)-38 

4 = 0.346400000-01 5 = 0.000000000-38 
9 = 0.000000000-38 10 = 0.000000000-38 

4 -  
95 

0.282100000-01 
0~000000000-38 

5 =  
10 = 

0.000000000-38 
0.000000000-38 

ROH 12 - r-l.--m- --->- ___. 
1 = 0.441000000-02 2 = 0.125400000-01 3 = 0.189400000-01 4 = 0.231100000-01 5 = 0.000000000-38 
6 = 0.000000000-38 7 I 0.000000000-38 8 = 0.000000000-38 9 E 0.000000000-38 10 = 0.000000000-38 
11 = 0.000000000-38 12 0~000000000-38 13 = 0.941000000 00 

ROW 13 
1 = 0.593821390-01 2 5 0.661853750-01 3 = 0.725492250-01 4 = 0.782769130-01 5 = 0.627843160-01 
6 = 0.754136280-01 7 = 0.854110880-01 8 = 0.926212890-01 9 = 0.976200190-01 10 = 0.101068041) 00 
11 = 0.103481870 00 12 5 0.105207000 00 13 = 0.000000000-38 

m --__- _-_. . . . I r r- -- - -7 .- ---*___--.--. .... ---*-.-- 
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T A S  1. HAY 67 1969 VERSION. JAH X2777, CASE NUMBER 2 
TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP C A V I T Y  
STEP RISER=Y, STEP TREAO=X 
C A S E  2, SAME CONOITIONS IZS CASE 1. BUT DETAILED PRINTOUT REQRESTEO 

THE AREAS ARE 
1 = 0.100000000 0 1  2 = o.1ooccoooo 0 1  3 = 0.100000000 0 1  
6 = 0.100000000 0 1  7 = O.1OOOCOOOO 0 1  8 = 0.100000000 0 1  

11 = 0.100000000 01 12 = O.1oOOCOOOO 0 1  1 3  = 0.894427200 0 1  

THE I R  EHITTANCES ARE 
1 = 0.900000000 00 2 = 0.9000COOOD 00 3 = 0.900000000 00 
6 = 0.900000000 00 7 = 0.90OOCOOO0 00 8 = 0.900000000 00 

11 = 0.900000000 00 1 2  = 0.90COC0000 00 13 = 0.100000000 0 1  

THE SOLAR EMITTANCES ARE 
1 = 0.180000000 00 2 = 0.180000000 00 3 = 0.180000000 00 
6 = 0.180000000 00 7 = 0.180000000 00 8 = 0.180000000 00 

11 = 0.180000000 00 12 = 0.180000000 00 1 3  = 0.100000000 0 1  

THE ILLUMlNATIONS ARE 
1 = 0.100000000 0 1  2 = 0.100000000 0 1  3 = 0.100000000 0 1  
6 = 0.000000000-38 7 = 0.000000000-38 8 = 0.000000000-38 

11 = 0.000000000-38 12 = 0.000000000-38 13 = 0.000000000-38 

THE ANGLES THETA TO THE SUN ARE 
1 = 0.000000000-38 2 = 0.000000000-38 3 = 0.000000000-38 
6 = 0.900000000 02 7 = 0.900000000 02 8 = 0 ~ 9 0 0 0 0 0 0 0 0  02 

11 = 0.900000000 02 12 = 0.900000000 02 13 = 0.900000000 02 

THE CONSTANT TEMPERATURE NODES ARE 
1 = -0.500000000 03 2 = -0.5000COOOo 03 3 = -0.500000000 03 
6 = -0.500000000 03 7 = -0.500000000 03 8 = -0.500000000 03 

11 = -0.500000000 03 12 = -0.500000000 03 1 3  = -0.459000000 03 

THE POWERS ARE 
1 = 0.000000000-38 2 = 0.000000000-38 3 = 0.000000000-38 
6 i. O.OOOOOOOOO-38 7 I 0.000000000-38 8 = 0 ~ 0 0 0 0 0 0 0 0 0 - 3 8  

11 = 0.000000000-38 12 = 0.000000000-38 13 = 0.000000000-38 

4 = 0.100000000 0 1  
9 = 0.100000000 0 1  

5 = 0.100000000 0 1  
10 = 0.100000000 0 1  

4 = 0.900000000 00 
9 = 0.900000000 00 

5 = 0.900000000 00 
10 = 0.900000000 00 

5 = 0.180000000 00 
10 = 0.180000000 00 

4 = 0.180000000 00 
9 = 0.180000000 00 

4 I 0.100000000 0 1  
9 = 0.000000000-38 

5 = 0.000000000-38 
10 = 0.000000000-38 

4 = 0.000000000-38 
9 = 0.900000000 02 

5 = 0.900000000 02 
10 = 0.900000000 02 

4 = -0.500000000 03 
9 = -0.500000000 03 

5 = -0.500000000 03 
10 = -0.500000000 03 

4 = 0.000000000-38 
9 = 0.000000000-38 

5 = 0.000000000-38 
10 = 0 ~ 0 0 0 0 0 0 0 0 0 - 3 8  

............................................................................ 

T A S  I r  MAY 6, 1969 VERSION, JAH X27771 CASE NUMBER 2 
TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP C A V I T Y  
STEP RISER=Y. STEP TREAO=X 
CASE 21 SAME CONDITIONS AS CASE 1. BUT DETAILED PRINTOUT REQRESTEO 

THE EXCITATION VECTOR IS 
1 = 0.362440000 03 2 = 0.362440000 03 3 = 0.362440000 03 4 = 0.362440000 03 5 = 0 ~ 0 0 0 0 0 0 0 0 0 - 3 8  
6 = 0.000000000-38 7 = 0.000000000-38 8 = 0.000000000-38 9 = 0.000000000-38 10 = 0.000000000-38 

11 = 0.000000000-38 12 = 0.000000000-38 1 3  = 0.000000000-38 

.............................................................................. 

T I S  I r  MAY 61 1969 VERSlON. JAH X2777. C A S E  NUMBER 2 
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RlSER=Y. STEP TREAO=X 
CASE 21 SAME CONDITIONS AS CASE 1. BUT DETAILED PRINTOUT REQRESTEO 

THE SOLAR TRANSFER MATRlX BEFORE INVERSION I S  

ROW 1 
1 = 0.100000000 0 1  
6 = -0.730374000-01 

11 = -0.479700000-02 

ROW 2 
1 = -0.000000000-38 
6 = -0.940950000-01 

11 = -0.134316000-01 

ROW 3 
1 = -0.000000000-38 
6 = -0.611228000-01 

11 = -0.196718000-01 

ROW 4 
1 = -0~000000000-38 
6 = -0.386384000-01 

11 = -0.231322000-01 

ROW 5 
1 = -0.240169800 00 
6 = -0.000000000-38 

11 = -0.000000000-38 

ROY 6 
1 = -0.730374000-01 
6 = 0.100000000 01 

11 = -0.000000000-38 

ROW 7 
1 -0.302498000-01 
6 = -0.000000000-38 

11 = -0.000000000-38 

ROU 8 
1 = -0.160638000-01 
6 = -0.000000000-38 

11 = -0.000000000-38 

ROW 9 
1 = -0.987280000-02 
6 = -0.000000000-38 

11 = -0.000000000-38 

2 = -0.000000000-38 
7 = -0.302498000-01 

12 = -0.361620000-02 

3 = -0.000000000-38 
8 = -0.160638000-01 

1 3  = -0.435526600 00 

4 = -0.000000000-38 
9 = -0.987280000-02 

5 = -0.240169800 00 
1 0  = -0.666660000-02 

2 = 0.100000000 0 1  
7 = -0.611228000-01 

12 = -0.102828000-01 

3 = -0.000000000-38 
8 = -0.386384000-01 

1 3  = -0.485423600 00 

4 = -0~000000000-38 
9 = -0.257808000-01 

5 = -0.730374OoD-01 
10 = -0.181876000-01 

2 = -0.000000000-38 
7 = -0.574164000-01 

12 = -0.155308000-01 

3 = 0.100000000 0 1  
8 = -0.447802000-01 

1 3  = -0.532098000 00 

4 -0~000000000-38 
9 = -0.336528000-01 

5 = -0.302498000-01 
10 = -0+254774000-01 

2 = -0.000000000-38 
7 = -0-447802000-01 

12 = -0.189502000-01 

3 = -0~000000000-38 
8 = -0.412050000-01 

1 3  = -0.574106600 00 

4 = 0.100000000 0 1  
9 = -0.347188000-01 

5 -0.16063800D-01 
10 = -01284048000-01 

2 = -0.730374000-01 
7 = -0.000000000-38 

1 2  = -0.000000000-38 

3 = -0.302498000-01 
8 = -0.000000000-38 

1 3  = -0.460479200 00 

4 -0.160638000-01 
9 = -0.000000000-38 

5 = 0.100000000 0 1  
10 = -0.000000000-38 

2 = -0.940950000-01 
7 = -0.000000000-38 

12 = -0.000000000-38 

3 = -0.611228000-01 
8 = -0.000000000-38 

1 3  = -0.553106400 00 

4 3 -0.386384000-01 
9 = -0~000000000-38 

5 = -0.000000000-38 
10 = -0.000000000-38 

2 = -0.611228000-01 
7 = 0.100000000 0 1  

12 = -0.000000000-38 

3 = -0.574164000-01 
8 = -0.000000000-38 

1 3  = -0.626430800 00 

4 = -0.447802000-01 
9 = -0~000000000-38 

5 = -0~000000000-38 
1 0  = -0~000000000-38 

2 = -0.386384000-01 
7 = -0.000000000-38 

1 2  = -0.000000000-38 

2 = -0.257808000-01 
7 = -0.0000C0000-38 

1 2  = -0~000000000-38 

3 = -0.447802000-01 
8 = 0.100000000 0 1  

1 3  = -0.679312600 00 

3 r -0.336528000-01 
8 = -0~000000000-38 

1 3  = -0.715974800 00 

4 = -0.412050000-01 
9 = -0.000000000-38 

5 = -0.000000000-38 
10 = -0.000000000-38 

4 = -0.347188000-01 
9 = 0.100000000 01  

5 = -0.000000000-38 
10 = -0.000000000-38 
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ROW 10 
1 -0.666660000-02 2 = -0.181876000-01 3 = -0.254774000-01 4 i -0.284048000-01 5 = -0.000000000-38 
6 = -0.000000000-38 7 = -0.000000000-38 8 = -0.000000000-38 9 = -0.000000000-38 10 = 0.100000000 01 

II  = -0-000000000-38 12 = -0.0000C0000-38 13 = -0.741263600 00 

ROW I1 
1 -0.479700000-02 2 = -0.134316000-01 3 = -0.196718000-01 4 = -0.231322000-01 5 = -0.000000000-38 
6 = -0-000000000-38 7 = -0.000000000-38 8 = -0~000000000-38 9 = -0~000000000-38 10 = -0.000000000-38 
11 = 0~100000000 01 12 = -0~000000000-38 13 = 4.758967400 00 

ROW 13 
1 = -0.000000000-38 2 = -0.0000COOOD-38 3 = -0.000000000-38 4 = -0.000000000-38 5 = -0.000000000-38 
6 = -0.000000000-38 7 = -0.000000000-38 8 = -0.000000000-38 9 * -0.000000000-38 10 = -0~000000000-38 
11 = -0.000000000-38 12 = -0.000000000-38 13 = 0.100000000 01 ................................................. ............................... 

TAS I r  MAY 6, 1969 VERSION. JAH X2777. CASE NUMBER 2 
TEMPERATURE O I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAOiX 
CASE 21 SAME CONOITIDNS AS CASE 1. BUT DETAILED PRINTOUT REQRESTEO 

THE SOLAR TRANSFER MATRIX AFTER INVERSION 15 

ROW 1 
1 = 0.107005150 01 2 = 0.302707820-01 3 = 0.166415650-01 4 = 0.106558610-01 5 = 0.259879540 00 
6 = 0.824310150-01 7 = 0.356517500-01 8 = 0.195429960-01 9 = 0.122748040-01 10 = 0.841081980-02 
11 = 0.b11348520-02 12 = 0.464117620-02 13 = 0.119818240 00 

RDY 2 
1 = 01302707820-01 2 = 0.102236100 01 3 = 0.160546860-01 4 = 0.118454460-01 5 = 0.826166490-01 
6 = 0.998489520-01 7 = 0.648574940-01 8 = 0.411956800-01 9 = 0.276076860-01 10 = 0.1954159503-01 
11 = 0.144669880-01 12 = 0.110960140-01 13 = 0.r40482670 00 

ROW 
I =  
6 =  
11 = 

ROW 
1 =  
6 =  
11 = 

ROW 
1 =  
6 =  

11 = 

ROW 
1 =  
6 =  
11 = 

ROW 
1 =  
6 =  
11 = 

ROW 
1 =  
6 1  
11 = 

3 
0.166415650-01 2 = 0-160546860-01 3 = 0-101311550 01 4 = 0.104567240-01 5 = 0-359839100-01 
0.650546100-01 7 = 0.601224110-01 8 = 0.466860380-01 9 = 0.350354200-01 10 = 0.265115090-01 
0.204671620-01 12 = 0.161579180-01 13 = 0.754788260 00 

4 
0.106558610-01 2 = 0.118454460-01 3 = 0.104567240-01 4 = 0.100876860 01 5 = 0.199453480-01 
0.415092230-01 7 = 0.468196130-01 8 = 0.426634280-01 9 = 0.357857220-01 10 = 0.292067600-01 
0.237509600-01 12 = 0.194391070-01 13 = 0.765847570 00 

5 
0.259879540 00 2 = 0.826166490-01 3 = 0.359839100-01 4 = 0.199453480-01 5 = 0.106985820 01 
0.297248330-01 7 = 0.158702880-01 8 = 0.980004280-02 9 = 0.659909990-02 10 = 0.471843160-02 
0.352556400-02 12 = 0-272613410-02 13 = 0.722575350 00 

6 
0.824310150-01 2 = 0-998489520-01 3 = 0.650546100-01 4 = 0.415092230-01 5 = 0.297248330-01 
0.102099600 01 7 = 0-141905620-01 8 = 0-980570510-02 9 = 0.701843100-02 10 = 0.520203090-02 
0.397649370-02 12  = 0.312177210-02 13 = 0.751081670 00 

7 
0.356517500-01 2 = 0.648514940-01 3 = 0.601224110-01 4 = 0.468196130-01 5 = 0.158702880-01 
0.141905620-01 7 = 0.101059130 01 8 = 0.770018810-02 9 = 0.567286890-02 10 = 0.427894260-02 
0.33079180~-02 1 2  = 0.26168307~-0~ 13 = 0.77109756~ 00 

8 
0.195429960-01 2 = 0.411956800-01 3 = 0.466860380-01 4 * 0.426634280-01 5 = 0.980004280-02 
0.980570510-02 7 7 0.770018810-02 8 = 0.100575420 01 9 = 0.430734060-02 10 = 0.328082090-02 
0.255236900-02 I2 = 0+202783030-02 13 = 0+784843000 00 

ROk 9 
1 = O.IZZ?'r80+0-01 2 = 0.276076860-01 3 = 0.350354200-01 
6 = 0.701843100-02 7 = 0.567286890-02 8 = 0.430734060-02 
11 = 0.19Ll610990-OZ 12 = 0.155054720-02 13 = 0.794L61100 00 

ROW 10 
1 = 0.841081980-02 2 = 0.195415950-01 3 = 0.265115090-01 
6 = 0.520203090-02 7 = 0.427894260-02 8 = 0.328082090-02 
11 = 0.149996130-02 12  = 0.119657640-02 13 = 0.800513730 00 

ROW I1 
1 = 0.611348520-02 2 = 0.144669880-01 3 = 0.204671620-01 
6 = 0.397649370-02 7 = 0.330791800-02 8 = 0.255236900-02 
11 = 0.100117570 01 12 = 0.938825570-03 13 = 0.804930020 00 

ROW 12 ---_- -----. 
1 0-564117620-02 2 = 0-110960140-01 3 = 0.161579180-01 
6 = 0.312177210-02 7 = 0.261683070-02 8 = 0.202783030-02 
11 = 0.938825570-03 12 = 0-100075020 01 13 = 0.808072670 00 

ROH 13 
1 = 0.000000000-38 2 = 0.000000000-38 3 = 0.000000000-38 
6 0.000000000-38 7 = 0.000000000-38 8 = 0.000000000-38 
11 = 0~000000000-38 12 = 0~000000000-38 13 = 0-10000000D 01 

4 - 0.357857220-01 5 = 0.659909990-02 
9 = 0.100325440 01 10 = 0.249304640-02 

4 = 0.292067600-01 5 = 0.471843160-02 
9 = 0.249304640-02 10 = 0-100191650 01 

4 = 0.237509600-01 5 = 0.352556400-02 
9 = 0.194670990-02 10 = 0.149996730-02 

r-*--- _---p-*. -._-. 
4 = 0.194391070-01 5 = 0.272613410-02 
9 = 0.155054720-02 10 = 0.119657640-02 

4 = 0.000000000-38 5 = 0.000000000-38 
9 - 0.000000000-38 10 = 0.000000000-38 

-..rrn--mr--r----r.-i-.--._. 

TAS 1. HAY 63 1969 VERSION, JAH X2777r CASE NUMBER 2 
TEMPERATURE D I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAO=X 
CASE 2, SAME CONDITIONS AS CASE Ir BUT DETAILED PRINTOUT REQRESTED 

THE RESPONSE VECTOR 15 
1 = 0.408694500 03 2 = 0.391627980 03 3 = 0.382833950 03 4 = 0.377563410 03 5 = 0.144405320 03 
6 = 0.104688550 03 7 = 0.75188b370 02 8 = 0.543979460 02 9 = 0.401234240 02 10 = 0.303256020 02 

11 = 0.234856030 02 12 = 0.186055730 02 13 = 0.000000000-38 

THE SOLAR QNET VECTOR IS 
1 = -0.897134260 02 2 = -0.859671170 02 3 = -0.840367200 02 4 = -0.828797730 02 5 = -0.316987280 02 
6 = -0.229804130 02 7 = -0.165048230 02 8 = -0.119410130 02 9 = -0.880758090 01 10 = -0.665683960 01 
11 = -0.515537630 01 12 = -0.408415010 01 13 = -0.131757400 04 



TAS I r  MAY 6, 1969 VERSION, JAH X27771 CASE NUMBER 2 
TEMPERATURE O l S T R I 8 U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP R I S E R I Y ,  STEP TREAU=X 
CASE 2. SAME CONDITIONS AS CASE l r  BUT OETAILEO PRINTOUT REQRESTEO 

STEP 1 OF THE SCRIPT F MATRIX 15 

ROW 1 
1 = 0.100000000 01 
6 = -0.890700000-02 
11 = -0.585000000-03 

ROW 2 
1 = -0.000000000-38 
6 = -0.114750000-01 
11 = -0.163800000-02 

ROW 3 
1 = -0.000000000-38 
6 I -0.745400000-02 
11 = -0.239900000-02 

ROW 4 
1 = -0.000000000-38 
6 = -0.471200000-02 
11 = -0.282100000-02 

ROW 5 
1 - -0.292890000-01 
6 = -0.000000000-38 
11 = -0.000000000-38 

ROW 6 
1 = -0.890700000-02 
6 = 0.100000000 01 
11 = -0.000000000-38 

ROW 7 
1 = -0.368900000-02 
6 = -0.000000000-38 
11 = -0.000000000-38 

ROW 8 
1 = -0.195900000-02 
6 = -0.000000000-38 
11 = -0.000000000-38 

ROW 9 
1 = -0.120400000-02 
6 = -0.000000000-38 
11 = -0.000000000-38 

ROW 10 
1 = -0.813000000-03 
6 = -0.000000000-38 
11 = -0.000000000-38 

ROW 11 
1 = -0.585000000-03 
6 = -0.000000000-38 
11 - 0.100000000 01 

2 = -0.000000000-38 
7 = -0.368900000-02 
12 = -0.441000000-03 

3 = -0-000000000-38 
8 = -0.195900000-02 
13 = -0.531130000-01 

4 = -0.000000000-38 
9 -0.120400000-02 

5 = -0.292890000-01 
10 = -0.813000000-03 

2 = 0.100000000 01 
7 = -0-745400000-02 
12 = -0.125400000-02 

3 = -0.000000000-38 
8 = -0.471200000-02 
13 = -0.591980000-01 

4 = -0.000000000-38 
9 = -0.314400000-02 

5 = -0.890700000-02 
10 = -0.221800000-02 

2 = -0.000000000-38 
7 = -0.700200000-02 
12 = -0.1894COOOO-02 

3 = 0.100000000 01 
8 = -0.546100000-02 
13 = -0-648900000-01 

3 = -0~000000000-38 
8 = -0.502500000-02 
13 = -0~700i30000-01 

4 = -0.000000000-38 
9 = -0.410400000-02 

5 = -0.368900000-02 
10 = -0.310700000-02 

2 = -0.000000000-38 
7 = -0-546100000-02 
12 = -0.231100000-02 

4 = 0.100000000 01 
9 = -0.423400000-02 

5 = -0.195900000-02 
10 = -0.346400000-02 

2 = -0.890700000-02 
7 = -0.000000000-38 
12 = -0.000000000-38 

3 = -0.368900000-02 
8 = -0.000000000-38 
13 = -0-561560000-01 

4 = -0.195900000-02 
9 = -0.000000000-38 

5 = 0.100000000 01 
10 = -0.000000000-38 

2 = -0.114750000-01 
7 = -0.000000000-38 
12 = -0~000000000-38 

3 = -0.745400000-02 
8 = -0~000000000-38 
13 = -0.674520000-01 

4 = -0.471200000-02 
9 = -0.000000000-38 

5 = -0~000000000-38 
10 -0.000000000-38 

2 = -0.745400000-02 
7 = o.1ooocoooo 01 
12 = -0.000000000-38 

3 = -0.700200000-02 
8 = -0~000000000-38 
13 = -0.763940000-01 

4 = -0~546100000-02 
9 = -0.000000000-38 

5 i -0~000000000-38 
10 -0~000000000-38 

2 = -0.471200000-02 
7 = -0.000000000-38 
12 = -0.000000000-38 

3 = -0.546100000-02 
8 = 0.100000000 01 
13 = -0.828430000-01 

4 = -0~502500000-02 
9 = -0.000000000-38 

5 = -0.000000000-38 
10 -0.000000000-38 

2 = -0.314400000-02 
7 r -0.000000000-38 
12 = -0.000000000-38 

2 = -0.221800000-02 
7 = -0.000000000-38 
12 = -0.000000000-38 

3 = -0.410400000-02 
8 = -0.000000000-38 
13 ii -0.873140000-01 

4 = -0.423400000-02 
9 = 0.100000000 01 

5 -0.00000000U-38 
10 = -0.000000000-38 

3 = -0.310700000-02 
8 = -0.000000000-38 
13 = -0.903980000-01 

4 * -0.346400000-02 
9 = -0.000000000-38 

5 = -0.000000000-38 
10 = 0.100000000 01 

2 = -0.163800000-02 
7 = -0.000000000-38 
12 = -0.000000000-38 

3 = -0.239900000-02 
8 = -0.000000000-38 
13 = -0.925570000-01 

4 = -0.282100000-02 
9 = -0.000000000-38 

5 = -0.000000000-38 
10 = -0.000000000-38 

. . . . . . . . 
5 = -0.000000000-38 

io = -o.oooaooooo-38 

.................................................................... 
ROW 12 
1 = -0.441000000-03 2 = -0.125400000-02 3 = -0.189400000-02 4 = -0.231100000-02 
6 = -0~000000000-38 7 = -0.000C!00000-38 8 = -0~000000000-38 9 = -0.000000000-38 
11 = -0~OOOOOOOOD-38 12 = 0~100000000 01 13 = -0.941000000-01 

ROW 13 
1 = -0.000000000-38 2 = -0.000000000-38 3 = -0.000000000-38 4 = -0.000000000-38 
6 * -0-000000000-38 7 -0.000000000-38 8 = -0~000000000-38 9 = -0.000000000-38 
11 = -0.000000000-38 12 = -0~000000000-38 13 = 0.100000000 01 

5 = -0.000000000-38 
10 = -0.000000000-38 

TAS I. HAY 6r 1969 VERSION. JAH X2777. CASE NUMBER 2 
TEMPERATURE O l S T R l 8 U T l O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAO=X 
CASE 2. SAME CONOITlONS AS CASE lr BUT DETAILEO PRINTOUT REPRESTED 

STEP 2 OF THE SCRIPT F MATRIX I S  

ROW 1 
1 = 0.100095840 01 
6 = 0.892252090-02 
11 = 0.587153860-03 

ROW 2 
1 = 0.407501060-03 
6 = 0.114846010-01 
11 = 0.163914160-02 

ROW 3 

2 = 0.407501060-03 
7 = 0.369788630-02 
12 = 0.442676250-03 

0.221037680-03 
0.196470910-02 
0.561811030-01 

0.222640300-03 
0.471629320-02 
0.622456080-01 

0.140171050-03 
0.120793580-02 

5 -  
10 r 

5 1  
10 F 

5 =  
10 = 

5 -  
10 = 

5 -  
10 

5 =  
10 1 

0.293217910-01 
0-815855350-03 

3 =  
8 =  
13 = 

3 =  
8 =  
13 = 

3 =  
8 1  
13 = 

3 =  
8 =  
13 = 

3 1  
8 =  
13 = 

3 1  
8 =  
13 = 

4 =  
9 -  

4 =  
9 -  

4 =  
9.1 

4 =  
9 =  

4 =  
9 =  

4 =  
9 =  

2 = 0.100030820 01 
7 = 0.746025810-02 
12 = 0.125536820-02 

0.164577690-03 
0.314707010-02 

0.892282390-02 
0.222027670-02 

i = 0.221037680-03 
6 = 0.746058990-02 
11 = 0.240035130-02 

2 = 0.222640300-03 
7 = 0.700656850-02 
12 = 0.189506590-02 

0.100018400 01 
0.546422780-02 
0.676760970-01 

0.147426010-03 
0.410634550-02 

0.369842470-02 
0.310875590-02 

ROW 4 
1 = 0.140171040-03 
6 = 0.471hR2220-02 

i620-02 

0.100012450 01 
0.423581800-02 

0.196535900-02 
0.346536800-02 . . . -. . . 

11 = 0.28220: 

ROW 5 
1 = 0.293217910-01 
6 = 0.400387430-03 
11 = 0.461856320-04 

ROY b 
1 = 0.892252090-02 
6 = 0.100028910 01 
11 = 0.552355620-04 

2 = 0.892282390-02 
7 = 0.211308010-03 
12 = 0.356668920-04 

0.369842470-02 
0.129558760-03 
0.5874754 10-01 

0.196535900-02 
0.868564590-04 

0.100095580 01 
0.619284480-04 

2 = 0.114846010-01 
7 = 0.196519010-03 
12 = 0.433674550-04 

0.746058990-02 
0.136038970-03 
0.695126230-01 

0.471682220-02 
0.974395870-04 

0.400387430-03 
0.722459790-04 



T 
ROW 7 

I = 0.369188630-02 2 = 0.746025810-02 3 = 0.700656850-02 4 = 0.546445560-02 5 = 0.211308010-03 
6 = 0.196519011)-03 7 = 0.100014820 01 8 = 0.108118660-03 9 = 0.797987690-04 10 = 0.602515170-04 

11 i 0.46607t530-04 12 = 0.368847290-04 13 = 0.779348730-01 

ROU 8 
1 = 0.196470910-02 2 = 0.471629320-02 3 = 0.546422780-02 4 = 0.502748040-02 5 = 0.129558760-03 
6 I 0.136038970-03 7 i. 0.108118660-03 8 = 0.1OOOO812O 01 9 i 0.609050790-04 10 = 0.464505950-04 

11 = 0.361658480-04 12 = 0.287484230-04 13 = 0.839801150-01 

ROH 9 
1 = 0.120793580-02 2 = 0.314707010-02 3 = 0.410634550-02 4 = 0.423581800-02 5 = 0.868564590-04 
6 = 0.974395870-04 7 = 0.797987690-04 8 = 0.609050790-04 9 I 0~100004610 01 10 = 0.353935420-04 

11 = 0.276619090-04 12 = CL.220455190-04 13 = 0.881619350-01 

ROW 10 
1 = 0.815855350-03 2 = 0.222027670-02 3 = 0.310875590-02 4 = 0.346536800-02 5 = 0.619284480-04 
6 I 0.122459790-04 7 = 0.602515170-04 8 = 0.464505950-04 9 I 0.353935420-04 10 = 0.100002730 01 

11 I 0.213477970-04 12  = 0.170404680-04 13 = 0.910430510-01 

ROW 11 
1 = 0.587153860-03 2 = 0.163974160-02 3 = 0.240035130-02 4 = 0-282205620-02 5 = 0.461856320-04 
6 = 0.552355620-04 7 = 0.466071530-04 8 = 0.361658480-04 9 = 0.276619090-04 10 = 0.213477970-04 

11 = 0.100001670 01 12 = 0.133832080-04 13 = 0.930586250-01 

ROW 12 
............................................................................... 

1 = 0.442676250-03 2 = 0.125536820-02 3 = 0.189506590-02 4 = 0.231183500-02 5 = 0.356668920-04 
6 ii 0.433674550-04 7 = 0.368847290-04 8 = 0.287484230-04 9 = 0.220455190-04 10 = 0.170404680-04 

11 = 0.133832080-04 12 = 0.100001070 01 13 = 0.944984950-01 

ROW 13 
1 = 0~000000000-38 2 = 0.000000000-38 3 = 0.000000000-38 4 = 0~000000000-38 5 = 0.000000000-38 
6 = 0~000000000-38 7 = 0.000000000-38 8 = 0.000000000-38 9 I 0~000000000-38 10 = 0.000000000-38 
11 = 0.000000000-38 I2 ii 0.000000000-38 13 = 0.100000000 01 ............................................................................. 

TAS I r  NAY 6r 1969 VERSION. JAH X2777. CASE NUMBER 2 
TEHPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=V. STEP TREAO=X 
CASE 2r SAME CONOITIONS AS CASE 1. BUT DETAILED PRINTOUT REPRESTED 

STEP 3 OF T H E  SCRIPT F HATRIX 15 

ROH 1 
1 = 0.958425550-02 2 = 0.407501060-02 3 = 0.221037680-02 4 = 
6 = 0.892252090-01 7 = 0.369788630-01 8 = 0.196470910-01 9 = 

11 = 0,587153860-02 12 = 0.442676250-02 13 = 0.561811030 00 

ROY 2 

0.140171040-02 
0.120793580-01 

5 -  
10 = 

0.293217910 00 
0.815855350-02 

1 = 0.407501060-02 2 = 0.308172420-02 3 = 0.222640300-02 4 = 
6 = 0.114846010 00 7 = 0.746025810-01 8 = 0.471629320-01 9 = 
11 = 0-163974160-01 12 = 0-125536820-01 13 = 0.622456080 00 

0.164577690-02 
0.314707010-01 

5 =  
10 = 

0.892282390-01 
0.222027670-01 

0.147426010-02 
0.410634550-01 

5 =  
10 = 

0.369842470-01 
0.310875590-01 

1 = 0.221037680-02 2 = 0.222640300-02 3 = 0.184013910-02 4 = 
6 = 0.746058990-01 7 = 0.700656850-01 8 = 0.546422780-01 9 = 

11 = 0.240035130-01 12  = 0.189506590-01 13 = 0.676760970 00 

ROU 4 
1 = 0.140171040-02 2 = 0.164577690-02 3 = 0.147426010-02 4 = 
6 = 0.471682220-01 7 = 0.546445560-01 8 = 0.502748040-01 9 = 
11 = 0-28220562D-01 I2 = 0.231183500-01 13 = 0.724721870 00 

RON 5 

0.124422450-02 
0.423581800-01 

5 =  
10 = 

0.196535900-01 
0.346536800-01 

1 = 0.293217910 00 2 = 0.892282390-01 3 = 0.369842470-01 4 I 
6 = 0.400387430-02 7 = 0.211308010-02 8 = 0.129558760-02 9 I 
I1 = 0.461856320-03 12 = 0.356668920-03 13 = 0.587475410 00 

0.396535900-01 
0.868564590-03 

5 =  
10 = 

0.955775150-02 
0.619284480-03 

ROW 6 
1 = 0.892252090-01 2 = 0.114846010 00 3 = 0.746058990-01 
6 = 0.289095590-02 7 = 0.196519010-02 8 = 0.136038970-02 
11 = 0.552355620-03 I2 = 0.433674550-03 13 = 0.695126230 00 

4 = 0.471682220-01 5 = 0.400387430-02 
9 = 0.974395870-03 10 = 0.722459790-03 

ROW 7 
1 = 0.369788630-01 2 = 0.746025810-01 3 = 0.700656850-01 
6 = 0.196519010-02 7 = 0.148151650-02 8 = 0.108118660-02 
11 = 0.466071530-03 12 = 0.368847290-03 13 = 0.779348730 00 

ROW 8 
1 = 0.196470910-01 2 = 0-471629320-01 3 = 0.546422180-01 
6 = 0.136038970-02 7 = 0.108118660-02 8 = 0.811752760-03 
11. = 0.361658480-03 I2 = 0.287484230-03 13 = 0.839801150 00 

ROH 9 
1 = 0-120793580-01 2 = 0.314707010-01 3 = 0.410634550-01 
6 = 0.974395870-03 7 = 0.797987690-03 8 = 0.609050790-03 
11 = 0.276619090-03 12 = 0.220455190-03 13 = 0.881619350 00 

4 = 0.546445560-01 5 = 0.211308010-02 
9 = 0.797987690-03 10 = 0.602515170-03 

4 = 0.502748040-01 5 = 0.129558760-02 
9 = 0.609050790-03 10 = 0.464505950-03 

4 = 0.423581800-01 5 = 0.868564590-03 
9 = 0.461356380-03 10 = 0.353935420-03 

ROW 10 
1 = 0.815855350-02 2 = 
6 = 0.722459790-03 7 I 
11 = 0.213477970-03 12 = 

ROW 11 
1 = 0.587153860-02 2 = 
6 = 0.552355620-03 7 = 

11 0.167488450-03 12 = 

ROW 12 
- 

1 = 0.442676250-02 2 = 
6 = 0.433674550-03 7 = 
11 = 0.133832080-03 12 = 

ROW 13 
1 = 0.628123820-01 2 = 
6 = 0.777174740-01 7 = 

11 = 0.104042700 00 12 = 

0-222027670-01 3 = 0.310875590-01 4 = 0.346536800-01 5 = 0.619284480-03 
0-602515170-03 8 = 0.464505950-03 9 = 0.353935420-03 10 = 0.272508040-03 
0.170404680-03 13 = 0.910430510 00 

O.1639741bD-01 3 = 0.240035130-01 4 = 0.282205620-01 5 = 0.461856320-03 
0.466071530-03 8 = 0.361658480-03 9 = 0.276619090-03 10 = 0.213477970-03 
0.133832080-03 13 = 0.930586250 00 ---- ---*- .... -- -m_- --__ 
0.125536820-01 3 = 0.189506590-01 4 = 0.231183500-01 5 = 0.356668920-03 
0.368847290-03 8 = 0.287484230-03 9 = 0.220455190-03 10 = 0.170404680-03 
0.107013570-03 13 = 0.944984950 00 

0-695927050-01 3 = 0.756641760-01 4 0-810270390-01 5 = 0.656817470-01 
0.871338360-01 8 = 0.938926220-01 9 = 0.985680390-01 10 = 0.101789220 00 
0.105652530 00 13 = 0.787838650-01 

3 b 



T I S  I r  MAY 6r 1969 VERSION, JAH X2777. CASE NUMBER 2 
TEMPERATURE DlSTRI8UTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAD=X 
CASE 2 .  SAME CONDITIONS AS CASE I r  BUT DETAILED PRINTOUT REQRESTEO 

THE SCRIPT F WATRtX IS 

ROW 1 
1 = 0.776324690-02 2 = 0.330075860-02 3 = 0.179040520-02 4 = 0.113538540-02 
6 = 0.722724190-01 7 = 0.299528790-01 8 = 0.159141440-01 9 = 0.978427960-02 

11 = 0.475594620-02 I2 = 0.358567760-02 13 5 0.505629920 00 

ROW 2 
1 = 0.330075860-02 2 = 0,249619660-02 3 = 0.180338640-02 4 = 0.133307930-02 
6 = 0+930252680-01 7 = 0.604280900-01 8 = 0.382019750-01 9 = 0.254912680-01 
11 = 0.132819070-01 12 = O1101b8482D-01 13 = 0.560210470 OD 

ROW 3 
1 = 0.179040520-02 2 = 0.180338640-02 3 = 0.149051270-02 4 = 0.119415070-02 
6 = 0.604307780-01 7 = 0.567532050-01 8 = 0.442602450-01 9 = 0.332613990-01 
11 = 0.194428460-01 12 = 0.153500340-01 13 = 0.609084880 OD  

ROW 4 
1 = 0.113538540-02 2 = 0.133307930-02 3 = 0.119415070-02 4 = 0.100782180-02 
6 = 0.382062600-01 7 = 0.442620900-01 8 = 0.467225910-01 9 = 0.343101260-01 

I1  = 0.228586560-01 12 = 0.187258630-01 13 = 0.652255090 00 

ROW 5 
1 = 0.237506510 00 2 = 0.722748740-01 3 = 0.299572400-01 4 = 0.159194080-01 
b = 0.324313810-02 7 = 0.171159490-02 8 = 0.104942600-02 9 = 0.703537320-03 
11 = 0.374103620-03 12 = 0.288901820-03 13 = 0.528727870 00 

ROW 6 
i = -0.722724190-01 2 = 0.93025268~-01 3 = 0.604307780-~1 4 = 0.382062600-01 
6 = 0.234167430-02 7 = 0.159180400-02 8 = 0.110191570-02 9 = 0.789260650-03 
11 = 0.447408050-03 12 = 0.351276380-03 13 = 0.625613610 00 

5 = 0.237506510 00 
10 = 0.660842840-02 

5 = 0.722748740-01 
10 = 0.179842410-01 

5 = 0.299572400-01 
10 = 0.251809230-01 

5 = 0.159194080-01 
10 = 0.280694810-01 

5 = 0.774177870-02 
10 = 0.501620430-03 

5 = 0.324313810-02 
10 = 0.585192430-03 

ROW 7 
1 = 0.299528790-01 2 = 0.604280900-01 3 = 0.567532050-01 4 = 0.442620900-01 5 = 0.171159490-02 
6 = 0.159180400-02 7 = 0.120002840-02 8 = 0.875761110-03 9 = 0.646370030-03 10 = 0.488037280-03 
11 = 0.377517940-03 12 = 0.298766310-03 13 = 0.701413850 00 

ROW 8 
1 = 0.159141440-01 2 = 0.382019750-01 3 = 0.442602450-01 4 = 0.407225910-01 5 = 0.104942600-02 
6 = 0.110191570-02 7 = 0.875761110-03 8 = 0.657519740-03 9 = 0.493331140-03 10 = 0.376249820-03 
11 = 0.292943370-03 12 = 0.232862230-03 13 = 0.755821040 00 

ROW 9 
1 0.978427960-02 2 = 0.254912680-01 3 = 0.332613990-01 4 = 0.343101260-01 5 = 0.703537320-03 
6 = 0.789260650-03 7 = 0.646370030-03 8 = 0.493331140-03 9 = 0.373698670-03 10 = 0.286687690-03 
11 = 0.224061460-03 12 = 0.178568710-03 13 = 0.793457410 OD 

ROW 10 
1 = 0.660842840-02 2 = 0.179842410-01 3 = 0.251809230-01 4 = 0.280694810-01 5 = 0.501620430-03 
6 0.585192430-03 7 = 0.488037280-03 8 = 0.376249820-03 9 I 0.286687690-03 10 = 0.220731510-03 

11 = 0.172917160-03 I2 = 0.138027790-03 13 = 0.819387460 00 

ROW 11 
1 = 0.475594620-02 2 = 0.132819070-01 3 = 0.194428460-01 4 = 0.228586560-01 5 = 0.374103620-03 
6 = 0.447408050-03 7 = 0-377517940-03 8 = 0.292943370-03 9 = 0.224061460-03 10 = 0.172917160-03 
11 = 0.135665650-03 12 = 0.108403990-03 13 = 0.831527620 00 

ROW 12 
................................................................................ 

1 = 0.358567760-02 2 = 0.101684820-01 3 = 0.153500340-01 4 = 0.187258630-01 5 = 0.288901820-03 
6 = 0.351276380-03 7 = 0.298766310-03 8 = 0.232862230-03 9 = 0.178568710-03 10 = 0.138027790-03 
11 = 0.108403990-03 12 = 0.866809940-04 13 = 0.850486450 OD 

ROW 13 
1 = 0.565311430-01 2 = 0.626334350-01 3 0.680977590-01 4 I 0.729243350-01 5 = 0.591135730-01 
6 0.699457270-01 7 = 0.784204520-01 8 = 0.845033600-01 9 = 0.887112350-01 10 = 0.916103020-01 
11 = 0.936384340-01 12 = 0.950872750-01 13 = 0.787838650-01 ................................................................................... 

TAS I r  MAY 6, 1969 VERSION, JAN X2777. CASE NUM8ER 2 
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RtSER=Yl STEP TREAD=X 
CASE 21 SAME CDNDITIONS AS CASE 1, BUT DETAILED PRINTOUT REQRESTEO 

THE AREA SCRIPT F MATRIX 15 

RDU 1 
1 E 0.776324690-02 2 = 0.330075860-02 3 = 0.179040520-02 4 = 0.113538540-02 
6 = 0.722724190-01 7 = 0-299528790-01 8 = 0.159141440-01 9 = 0.978427960-02 

11 = 0.475594620-02 I2  = 0.358567760-02 13 = 0.505629920 00 

ROW 2 
1 = 0.330075860-02 2 = 0-249619660-02 3 = 0.180338640-02 4 = 0.133307930-02 
6 = 0.930252680-01 7 = 0.604280900-01 8 = 0.382019750-01 9 = 0.254912680-01 
11 = 0.132819070-01 12 = 0-101684820-01 13 = 0.560210470 00 

ROW 3 
1 = 0.179040520-02 2 = 0.180338650-02 3 = 0.149051270-02 4 = 0.119415070-02 
6 = 0.604307780-01 7 = 0.567532050-01 8 = 0.442602450-01 9 = 0.332613990-01 

11 = 0.194428460-01 12 = 0.153500340-01 13 = 0.609084880 00 

ROW 4 
1 = 0.113538540-02 2 = 0.133307930-02 3 = 0.119415070-02 4 = 0.100782180-02 
6 = 0.382062600-01 7 = 0.442620900-01 8 = 0.407225910-01 9 * 0.343101260-01 
11 = 0.228586560-01 12 = 0.187258630-01 13 = 0.652255090 00 

ROW 5 
1 = 0.237506510 OD  2 = 0.722748740-01 3 = 0.299572400-01 4 = 0.159194080-01 
6 = 0.324313810-02 7 = 0.171159490-02 8 = 0.104942600-02 9 = 0.703537320-03 
I1 = 0.374103620-03 12 = 0.288901820-03 13 = 0.528727870 00 

ROW 6 
1 = 0.722724190-01 2 = 0.930252680-01 3 = 0.604307780-01 4 = 0.382062600-01 
6 = 0.234167430-02 7 = 0.159180400-02 8 = 0.110191570-02 9 = 0.789260650-03 
11 = 0.447408050-03 12 = 0.351276380-03 13 = 0.625613610 00 

5 = 0.237506510 00 
10 = 0.660842840-02 

5 = 0.722748740-01 
10 = 0.179842410-01 

5 = 0.299572400-01 
10 = 0.251809230-01 

5 = 0.159194080-01 
10 = 0.280694810-01 

5 = 0.774177870-02 
10 = 0.501620430-03 

5 = 0.324313810-02 
10 = 0.585192430-03 
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ROW 7 
1 = 0.299528790-01 2 = 0-604280900-01 3 = 0.567532050-01 4 0.442620900-01 5 = 0.171159490-02 
6 = 0.159180400-02 7 = 0.120002840-02 8 = 0-875761110-03 9 = 0.646370030-03 10 = 0.488037280-03 
11 = 0.377517940-03 12 = 0.298766310-03 13 = 0.701413850 00 

ROW 8 
1 = 0.159141440-01 2 = 0-382019750-01 3 = 0.442602450-01 4 = 0.40R25910-01 5 = 0.104942600-02 
6 = 0.110191570-02 7 = 0.875761110-03 8 = 0.657519740-03 9 = 0.493331140-03 10 = 0.376249820-03 
11 = 0.292943370-03 12 = 0.232862230-03 13 = 0.755821040 00 

0"Y 0 ..-.. I 

1 0.978427960-02 2 = 0.254912680-01 3 = 0.332613990-01 4 = 0.343101260-01 5 = 0.703537320-03 
6 = 0.789260650-03 7 = 0.646370030-03 8 = 0.493331140-03 9 = 0.373698670-03 10 = 0.286687690-03 
11 = 0.224061460-03 12 = 0.178568710-03 13 = 0.793457410 00 

ROW 10 
1 = 0.660842840-02 2 = 0.179842410-01 
6 = 0.585192430-03 7 = 0.488037280-03 
11 = 0.172917160-03 12 = 0.138027790-03 

ROW 11 
1 0-475594620-02 2 = 0.132819070-01 
6 = 0.447408050-03 7 = 0.377517940-03 
11 = 0.135665650-03 12 = 0.108403990-03 

ROW 12 
........................ 

1 = 0.358567760-02 2 = 0.101684820-01 
6 = 0.351276380-03 7 = 0.298766310-03 
11 = 0.108403990-03 12 = 0.866809940-04 

ROW 13 
1 = 0.505629920 00 2 = 0.560210470 00 
6 = 0.625613610 00 7 = 0.701413850 00 
11 = 0.837527620 00 12 = 0.850486450 00 ........................ 

3 = 0.251809230-01 
8 = 0.376249820-03 
13 = 0.819387460 00 

3 = 0.194428460-01 
8 = 0.292943370-03 
13 = 0.837527620 00 ......................... 
3 0-153500340-01 
8 = 0.232862230-03 

13 = 0.850486450 00 

3 = 0.609084880 00 
8 = 0.755821040 00 
13 = 0.704664320 00 ........................ 

4 = 0.280694810-01 
9 = 0-286687690-03 

4 = 0.228586560-01 
9 = 0.224061460-03 

...................... 
4 = 0.187258630-01 
9 = 0.178568710-03 

4 = 0.652255090 00 
9 = 0.793457410 00 

...................... 

5 = 0.501620430-03 
10 = 0.220731510-03 

5 = 0.374103620-03 
10 = 0.172917160-03 

. . . . , . . . 
5 = 0.288901820-03 
10 = 0.138027790-03 

5 = 0.528727870 00 
10 = 0.819387460 00 

. . .. . . . . . . 

TAS 1 1  HAY 6r 1969 VERSION, JAH X2777, CASE NUMBER 2 
TEMPERATURE D I S T R I 8 U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=V. STEP TREAO=X 
CASE 2. SAME CONOITlONS AS CASE 1. BUT DETAILED PRINTOUT REQRESTEO 

THE BOLT2 TlnE.5 THE AREA SCRIPT F MATRIX I S  

ROW 1 
1 = 0.133062050-10 2 = 0.565750030-11 3 = 0.306875450-11 4 = 0.194605060-11 5 = 0.407086150-09 
6 = 0.123874930-09 7 = 0.513392350-10 8 = 0.272768430-10 9 = 0.167702550-10 10 = 0.113268460-10 
11 = 0.815169190-11 12 = 0.614585150-11 13 = 0.866649690-09 

ROY 2 
1 = 0.565750030-11 2 = 0.427848090-11 3 = 0.309100430-11 4 = 0.228489800-11 5 = 0.123879130-09 
6 = 0.159445310-09 7 = 0.103573750-09 8 = 0.654781860-10 9 = 0-4,36920330-10 10 = 0.308249890-10 
11 = 0.227651880-10 12 = 0.174287790-10 13 = 0.960200750-09 

ROW 3 
1 = 0.306875450-11 2 = 0.309100430-11 3 = 0.255473870-11 4 = 0.204677430-11 5 = 0.513467091)-10 
6 = 0-103578350-09 7 = 0.972749930-10 8 = 0.758620600-10 9 = 0.570100370-10 10 = 0.431601020-10 
11 = 0.333250380-10 12 = 0.263099580-10 13 = 0.104397150-08 

ROW 4 
1 = 0.194605060-11 2 = 0.228489800-11 3 = 0.204677430-11 4 = 0.172740660-11 5 = 0.272858650-10 
6 = 0.654855300-10 7 = 0.758652230-10 8 = 0.697985210-10 9 * 0.588075560-10 10 = 0.481110910-10 
11 = 0.391797360-10 12 = 0.320961290-10 13 = 0.111796520-08 

ROW 5 
1 = 01407086150-09 2 0.123879130-09 3 = 0.513467090-10 4 = 0.272858650-10 5 = 0.132694090-10 
6 = 0-555873880-11 7 = 0.293367360-11 8 = 0.179871610-11 9 = 0.120586300-11 10 = 0.859777420-12 
11 = 0.641213600-12 12 = 0.495177730-12 13 = 0.906239570-09 

ROW 6 
1 = 0.123874930-09 2 = 0-159445310-09 
6 = 0.401362970-11 7 = 0.272835200-11 
11 = 0.766857400-12 12 = 0.602087720-12 

ROW 7 
1 = 0.513392350-10 2 = 0.103573750-09 
6 = 0.272835200-11 7 = 0.205684860-11 
11 = 0.647065750-12 12 = 0.512085450-12 

ROW 8 
1 = 0.272768430-10 2 = 0.654781860-10 
6 = 0.188868350-11 7 = 0.150105450-11 
11 * 0.502104930-12 12 = 0.399125860-12 

ROW 9 
1 = 0.167702550-10 2 = 0.436920330-10 
6 = 0.135279280-11 7 = 0.110787820-11 
11 = 0.384041340-12 12 = 0.306066760-12 

3 = 0.103578350-09 
8 = 0.188868350-11 
13 = 0.107230170-08 

3 = 0.972749930-10 
8 = 0.150105450-11 
13 = 0.120222330-08 

3 = 0.758620600-10 
8 = 0.112698880-11 
13 = 0.129547730-08 

3 = 0.570100370-10 
8 = 0.845569570-12 
13 = 0.135998600-08 

4 = 0.654855300-10 5 = 0.555873880-11 
9 = 0.135279280-11 10 i 0.100301980-11 

4 = 0.758652230-10 5 = 0.293367360-11 
9 = 0.110787820-11 lo = 0.836495910-12 

4 = 0.697985210-10 5 = 0.179871610-11 
9 = 0.845569570-12 10 = 0.644892190-12 

4 0.588075560-10 5 = 0.120586300-11 
9 = 0.640519520-12 10 = 0.491382710-12 

ROW 10 
I = 0-113268460-10 2 = 0-308249890-10 3 0.431601020-10 4 0.481110910-10 5 = 0.859777420-12 
6 = 0.100301980-11 7 = 0.836495910-12 8 = 0.6W+892190-12 9 = 0.491382710-12 10 = 0.378333810-12 
11 = 0.296380010-12 12 = 0.236579640-12 13 = 0.140443010-08 

ROW 11 
1 = 0.815169190-11 2 = 0.227651880-10 3 = 0.333250380-10 4 = 0.391797360-10 5 = 0.641213600-12 
6 = 0.766857400-12 7 = 0.647065750-12 8 = 0.502104930-12 9 = 0.384041340-12 10 * 0.296380011)-12 
11 = 0.232530920-12 12 = 0.185804430-12 13 = 0.143552230-08 

ROW 12 
rT.-l--rlrrrr________ ------. rm-------mm-rm 

1 = 0.614585150-11 2 = 0.174287790-10 3 = 0.263099580-10 4 = 0.320961290-10 5 = 0.495177730-12 
6 0.602087720-12 7 = 0.512085450-12 8 = 0.399125860-12 9 3 0.306066760-12 10 = 0.236579640-12 
11 = 0.185804430-12 12 = 0.148571220-12 13 = 0.145773380-08 

ROW 13 
1 = 0.866649690-09 2 = 0.960200750-09 3 = 0.104397150-08 4 = 0.111796520-08 5 = 0.906239570-09 
6 = 0-107230170-08 7 = 0.120222330-08 8 = 0.129547730-08 9 = 0.135998600-08 10 = 0.140443010-08 
11 = 0.143552230-08 12 = 0.145773380-08 13 = 0.120779460-08 . __. . ._..__I.. r.. 1 r . . . r -. . ~. . -1 .--. - _ _ _  ---- - rn_.--- ---. -- --. . . .1. . . . . . ~. . - 
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T I S  1, HAY 6r 1969 VERSIONI JAH X2717r CASE NUMBER 2 
TEHPERATURE OISTRIBUTlON OF AN L-SHAPE STEP CAVITY 
STEP RISER=V. STEP TREAD=X 
CASE 2. SAME CONOITIONS AS CASE l r  BUT DETAlLED PRINTOUT REPRESTED 

THE RESIUUES ARE 
1 E -0.459010610-11 2 = -0.124171300-10 3 = -0.187938550-10 4 I -0.226876300-10 
6 = -0.422772930-12 7 -0.419220210-12 8 = -0.380140360-12 9 = -0.246913600-12 
11 0.282094350-10 12 * 0.104655220-08 13 = -0.176800000 04 

THE TEMPERATURES ARE 
1 = 0.662439930 02 2 0-492006230 02 3 = 0.398895890 02 4 * 0.341144440 02 
6 * -0.271935670 02 7 3 -0~629122260 02 8 = -0.943662180 02 9 = -0.121449720 03 
11 -0-164122020 03 12 * -0.180919420 03 13 -0.459000000 03 

5 = -0.380140360-12 
10 = 0.488498130-13 

5 = 0.127810310 0 2  
10 I -0.144496310 03 

............................................................................... 

T I S  1, HAY 61 1969 VERSION, JAH X2777. CASE NUMBER 2 
TEHPERATURE 0 I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y. STEP TREAD=X 
CASE 2, SAHE CONOITIONS AS CASE 1, BUT DETAILED PRINTOUT REPRESTED 

ENERGY PER U N I T  T I M E  I N  IS NEGATIVE AN0 ENERGY PER U N I T  T I M E  DUT I S  P O S I T I V E  

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
o.oooon-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
0.00000-38 
0.29290 00 
0-89070-01 
0.3689D-01 
0.19590-01 
0.12040-01 
0.81300-02 
0-58500-02 
0.44100-02 
0.53110 OD 
0.10000 01 

D E T A I L  OF NODE 1 TEHPERATURE = 66.24 AREA = 0.10000 01 
IR EMITTANCE = 0.9000 SOLAR EHITTANCE = 0.1800 
I LUM = 0.10000 01 THETA = 0.000000-38 

NOOE CONOUCTANCE 9 COUP F ASCRIPTFTIR 9 CDMP P COUP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 0.00000-38 0.00000-38 0.00000-38 0.71630-02 -0.00000-38 0.40870 03 0.40870 03 
2 0-00000-38 0.00000-38 0.00000-38 0.33010-02 0.53540-01 -0.00000-38 0.53540-01 
3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 

TOTALS 

0.17900-02 
0.11350-02 
0.23750 00 ..-~ . .. 
0.72270-01 

0.26610 01 
0.16040 01 
0.10660 01 
0.75640 OD 
0.56270 00 
0.43410 00 
0.66460 02 
0.89710 02 

-0.00000-38 
-0.00000-38 
-0.42190 07 . . _. . . . - 
-0.93250 01 
-0.27740 01 
-0.10660 01 
-0.48310 00 
-0.24650 OD 
-0.13740 00 
-0.82050-01 
-0.00000-38 
-0.89710 02 

0.43720-01 
0.33240-01 
-0.31410 02 
-0.41710 01 
-0.11280 00 
0.53870 00 
0.58270 00 . . ~. . 
0.50990 00 
0.42530 00 
0.35200 DO 
0-6b460 02 
-0.45830-11 

D E T A I L  OF NOOE 2 TEMPERATURE I 49.20 AREA = 0.10000 01 
IR EMITTANCE = 0.9000 SOLAR EHITTANCE = 0.1800 
I1 UY = 0.10000 01 TUFTA = n.ooooon-38 _. . -. . . . L) 'Eonp . ...... .- 

NODE CONDUCTANCE Q COUP F ASCRIPTFTIR P COUP TOTAL 
DIRECT SOLAR~-O.44200 03 -0.44200 03 

1 0.00000-38 -0.00000-38 0.00000-38 0.33010-02 -0.53540-01 -0.00000-38 -0.53540-01 
2 0.00000-38 0.00000-38 0.00000-38 0.24960-02 -0.00000-38 0.39160 03 0.39160 03 
3 0.00000-38 0.00000-38 0.00000-38 0.18030-02 0.14790-01 -0-00000-38 0.14790-01 
4 0-00000-38 0.00000-38 0.00000-38 0.13330-02 0.17410-01 -0-00000-38 0-17410-01 
5 0.00000-38 0.00000-38 0.89070-01 0.72270-01 0.21390 01 -0.12860 02 -0.10720 02 
6 0-00000-38 0.00000-38 0.11470 00 0.93030-01 0.51240 01 -0.12010 02 -0.68890 01 
7 0.OOOOD-38 0.00000-38 0.74540-01 0.60430-01 0.43880 01 -0.56050 01 -0.12170 01 
8 0.00000-38 0.00000-38 0.47120-01 0.38200-01 0.32320 01 -0.25630 01 0.66850 00 
9 0.00000-38 0.00000-38 0.31440-01 0.25490-01 0.23630 01 -0.12610 01 0.11020 01 
10 0.00000-38 0.00000-38 0.22180-01 0.17980-01 0.17670 01 -0.67260 00 0.10940 01 
11 0.00000-38 0.00000-38 0.16380-01 0-13280-01 0.13560 01 -0.38470 O D  0.97130 00 
12 0.00000-38 0.00000-38 0.12540-01 0.10170-01 0.10660 01 -0.23330 00 0.83270 00 
13 0.00000-38 0.00000-38 0.59200 00 0.56020 00 0.64550 02 -0.00000-38 0.64550 02 

TOTALS 0.00000-38 0+10000 01 0.85970 02 -0.85970 02 -0.12460-10 

0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 .-OACC$gOa 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.OOODD-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 

0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 

0.36890-01 
0.74540-01 
0.70020-01 
0-54610-01 
0.41040-01 
0.31070-01 
0.23990-01 
0.18940-01 
0.64890 00 
0.10000 01 

-~*Q.%kQP%8. ~ 

0.17900-02 
0.18030-02 
0.14910-02 

0.29960-01 
0.60430-01 
0.56750-01 
0.44260-01 
0.33260-01 
0-25180-01 
0.19440-01 

0.60910 00 

A&U?Q.9%2. 

0.15350-ai 

D E T A l L  OF NODE 3 TEMPERATURE = 39.89 AREA = 0.10000 01 
I R  EHITTANCE = 0.9000 SOLAR EHITTANCE = 0.1800 
I L U H  = 0.10000 01 THETA = 0.000000-38 

NODE CONDUCTANCE P COUP F ASCRIPTFTIR Q COHP P COUP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 
0.65190 02 
0.84040 02 

-0.00000-38 -0.43720-01 
-0.00000-38 -0.14190-01 
0.38280 03 0.38280 03 

& 0 ~ * 9 , ~ 0 & 0 2 8 2 @ 2 ~ 2  
-0.53270 01 -0.46860 01 
-0.78030 01 -0.49700 01 
-0.52650 01 -0.16090 01 
-0.29710 01 0.41070 00 
-0.16470 01 
-0.94220 00 
-0.56340 00 
-0.35240 00 
-0.00000-38 
-0.84040 02 

0.11640 01 
0.13250 01 
0.12620 01 
0.11310 01 
0.65190 02 
-0.18760-10 

D E T A I L  OF NODE 4 TEMPERATURE = 34.11 AREA = 0.10000 01 
1R EMITTANCE = 0.9000 SOLAR EHITTANCE p 0.1800 
ILUM = 0.10000 01 THETA = 0.000000-38 

NODE CONOUCTANCE P COUP F ASCRIPTFTIR 9 COMP P COMP TOTAL 
DIRECT SOLAR -0.44200 03 -0.44200 03 

1 0.00000-38 -0.00000-38 0.00000-38 0-11350-02 -0.33240-01 -0-00000-38 -0.33240-01 
2 0.00000-38 -0.00000-38 0.00000-38 0.13330-02 -0.17410-01 -0.00000-38 -0.17410-01 
3 0-00000-38 -0.00000-38 0.00000-38 0.11940-02 -0.58050-02 -0-00000-38 -0.58050-02 
b o.onnnn-38 o.~ooon-38 O.OOOOO-38 0.10080-02 -n.oooo0-38 0-37760 a3 0.37760 03 

6 0.00000-38 0.00000-38 O.il120-01 0.38210-01 0.16060 01 -0.49330 01 -0.33270 01 
7 0.00000-38 0.00000-38 0.54610-01 0.44260-01 0.26360 01 -0.41060 01 -0.14700 01 
8 o.00~00--38 o.ooo0n-38 0.5n250-01 0.4072~-~1 0.29130 01 -0.27330 01 0.179960 00 

10 0+00000-38 0.OOOOD-38 0.34640-01 0.28010-01 0.23910 01 -0.10500 01 0.13410 01 
11 0.00000-38 0.00000-38 0.28210-01 0.22860-01 0.20350 01 -0.66250 00 0.13730 01 
12 0.00000-38 0.00000-38 0.23110-01 0.18730-01 0.17190 01 -0.43000 00 0.12890 01 
13 0.00000-38 0.00000-38 0.70010 00 0.65230 00 0.66640 02 -0.00000-38 0.66640 02 

TOTALS 0.00000-38 0.10000 01 0.82880 02 -0.82880 02 -0.22700-10 
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DETAIL 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

DETAIL  

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

OF NOUE 5 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

OF NODE 6 

CONDUCTANCE 
0.00000-38 
0.000OD-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-33 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TEMPERATURE 
I R  EMITTANCE 
ILUM 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0100000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

a COHP 

TEMPERATURE 
I R  EMITTANCE 
ILUH 
Q COHP 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

. .?:aoPO?:?rc. 

= 12.79 AREA - 0.10000 01 
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR Q COHP 0 COUP 
0.29290 00 0.23750 00 -0.10880 02 -0.11970 03 
0.89070-01 0.72270-01 -0.21390 01 -0.34880 02 
0.36890-01 0.29960-01 -0.64080 00 -0.14120 02 
0.19590-01 0.15920-01 -0.26320 00 -0.73960 01 
0.00000-38 0.77420-02 -0.00000-38 0.14440 03 
0.0C000-38 0.32430-02 0.82690-01 -0.00000-38 
0.00000-38 0.17120-02 0.73640-01 -0.00000-38 
0.00000-38 0.10490-02 0.57720-01 -0.00000-38 
0-00000-38 0.70350-03 0.44410-01 -0.00000-38 
0.00000-38 0.50160-03 0.34440-01 -0.00000-38 
0.00000-38 0.37410-03 0.27120-01 -0.00000-38 
0~00000-38 0.28890-03 0.21740-01 -0.00000-38 
0.56160 00 0.52870 00 0.45280 02 -0.00000-38 
0.10000 01 0.31700 02 -0.31700 02 

= -27.19 AREA = 0.10000 01 
= 0.9000 SOLAR EHITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR 0 COMP Q COUP 
0.89070-01 0.72270-01 -0.51530 01 -0.36400 02 
0.11470 00 0.93030-01 -0.51240 01 -0.44940 02 
0.74540-01 0.60430-01 -0.28330 01 -0.28540 02 
0.47120-01 0.38210-01 -0.16060 01 -0.17790 02 
0.00000-38 0.32430-02 -0.82690-01 -0.00000-38 

0.00000-38 0.15920-02 0-27900-01 -0-OOv66:3y 
0.00000-38 0.11020-02 0.32520-01 -0.00000-38 
0.00000-38 0.78930-03 0.29700-01 -0.00000-38 
0.00000-38 0.58520-03 0.25260-01 -0.00000-38 
0.00000-38 0.44740-03 0.21030-01 -0.00000-38 
0.00000-38 0.35130-03 0.17470-01 -0.00000-38 
0.67450 00 0.62560 00 0.37630 02 -0.00000-38 
0.10000 01 0.22980 02 -0.22980 02 

.o:OCqPk?s. .?:?3??o:oS.:P:PPP~~~~8~..~:?0570 03 

TOTAL 
-0.13060 03 

0.8269bX 
0.73640-01 
0.57720-01 
0.4441U-01 
0.34440-01 
0-27120-01 
0.21740-01 
0.45280 02 

-0.37660-12 

TOTAL 
-0.41560 02 
-0.50060 02 
-0.31370 02 
-0.19400 02 
-0.82690-01 . .4-.1.9?7.? 0.27900-01 .Q3 

0.32520-01 
0.29700-01 
0-25260-01 
0.21030-01 
0.17470-01 
0-37630 02 

-0.43340-12 

DETAIL  OF NODE 7 TEMPERATURE = -62.91 AREA 5 0.10000 01 
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
I L U U  = 0.00000-38 THETA I 0.900000 02 

1 0.00000-38 -0.00000-38 0.36890-01 0.29950-01 -0.26610 01 -0.15080 02 -0.17140 02 
2 0.00000-38 -0.00000-38 0.74540-01 0.60430-01 -0.43880 01 -0.29190 02 -0.33580 02 

4 0.00000-38 -0.00000-38 0.54610-01 0.44260-01 -0.26360 01 -0.20620 02 -0.23250 02 
5 0.00000-38 -0.00000-38 0.00000-38 0.17120-02 -0.73640-01 -0.00000-38 -0.73640-01 
b 0.00000-38 -0.00000-38 0.00000-38 0.15920-02 -0.27900-01 -0.00000-38 -0.27900-01 
7 0.00000-38 0.00000-38 0.00000-38 0.12000-02 -0.00000-38 0.75190 02 0.75190 02 
8 0.00000-38 0.00000-38 0.00000-38 0.87580-03 0.10490-01 -0.00000-38 0.10490-01 
9 0.00000-38 0.00000-38 0.00000-38 0.64640-03 0.12990-01 -0.00000-38 0.12990-01 
10 0.00000-38 0.00000-38 0.00000-38 0.48800-03 0.12510-01 -0.00000-3'8 0.12510-01 
11 0.00000-38 0.00000-38 0.00000-38 0.37750-03 0.11130-01 -0.00000-38 0.11130-01 
12 0.00000-38 0.00000-38 0.00000-38 0.29880-03 0-96250-02 -0.00000-38 0.96250-02 
13 0-00000-38 0-00000-38 0.76390 00 0.70140 00 0.29890 02 -0.00000-38 0.29890 02 

TOTALS 0.00000-38 0+10000 01 0.16500 02 -0.16500 02 -0.41570-12 

NODE CONDUCTANCE Q c o w  F ASCRIPTFTIR a GOUP Q COMP TOTAL 

3 o.ooooo-38 -o.ooooo-38 0.70020-01 0.56750-01 -0.36560 01 -0.z6aio 02 -0.30460 02 

DETAIL  OF NODE 8 TEMPERATURE = -94.37 AREA = 0.10000 01 
IR EMITTANCE 
i L u n  

NODE CONOUCTANCE 9 COUP 
1 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 
3 0.00000-38 -0.00000-38 
4 0.00000-38 -0.00000-38 
5 0.00000-38 -0.00000-38 
6 0.00000-38 -0.00000-38 
7 0-00000-38 -0.00000-38 
8 0.00000-38 0.00000-38 
9 0-00000-38 0.00000-38 
10 0.00000-38 0.00000-38 
11 0.00000-38 0.00000-38 
12 0.00000-38 0.00000-38 
13 0.00000-38 0.00000-38 

TOTALS 0.00000-38 

= 0.9000 SOLAR ERITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR Q COUP Q COMP TOTAL 
0.19590-01 0.15910-01 -0.16040 01 -0.80060 01 -0.96110 01 
0.47120-01 0.38200-01 -0.32320 01 -0.18450 02 -0.21690 02 
0.54610-01 0.44260-01 -0.33810 01 -0.20910 02 -0.24290 02 
0.50250-01 0.40720-01 -0.29130 01 -0.18970 02 -0.21890 02 
0.00000-38 0.10490-02 -0.57720-01 -0.00000-38 -0.57720-01 
0.00000-38 0.11020-02 -0.32520-01 -0.00000-38 -0.32520-01 
0.00000-38 0.87580-03 -0.10490-01 -0.00000-38 -0.10490-01 
0.00000-38 0.65750-03 -0.00000-38 0.54400 02 0.54400 02 
0.00000-38 0.49330-03 0.40040-02 -0.00000-38 0.40040-02 
0.00000-38 0.37620-03 0.51360-02 -0.00000-38 0.51360-02 
0.00000-38 0.29290-03 0.51260-02 -0.00000-38 0.51260-02 
0.00000-38 0.23290-03 0.47120-02 -0.00000-38 0.47120-02 
0.82840 00 0.75580 00 0.23150 02 -0.00000-38 0.23150 02 
0.10000 01 0.11940 02 -0.11940 02 -0.36770-12 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

CONDUCTANCE 
0.00000-38 
o.oooon-38 . ..... 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
o.ooonn-s$ .~.___. ~~ 

0-00000-38 

DETAIL  OF NODE 9 TEMPERATURE = -121.45 4REA = 0.10000 01 
IR EHITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
I L U H  = 0.00000-38 THETA = 0.900000 02 

0 COUP 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 ,,o 00000- 8 

O* 
0.00000-38 

0.00000-38 0.00000-38 
0.00000-38 0.00000-38 

0-00000-38 

F ASCRIPTFTIR 
0.12040-01 0.97840-02 
0.31440-01 0.25490-01 
0.41040-01 0.33260-01 

0.34310-01 
0.70350-03 
0.7893D-03 .. - .. 
0.64640-03 

o COHP a c o w  
-0.10660 01 -0.49210 01 
-0.23630 01 -0.12310 02 
-0.28110 01 -0.15710 02 
-0.27330 01 -0.15990 02 
-0.44410-01 -0-00000-38 
-0.29700-01 -0.00000-38 
-0.L2990-01 -0-00000-38 

0.00000-38 

0.00000-38 
0.00000-38 

0.87310 00 0.79350 00 
0.10000 01 

0.00000-38 

0.00000-38 0.i7860-03 0.21640-02 -0.00000-38 
0.17870 02 -0.00000-38 
0.88080 01 -0.88080 01 

TOTAL 
-0.59870 01 
-0.14680 02 
-0.18520 02 
-0.18720 02 
-0.44410-01 
-0-29700-01 
-0.12990-01 

0.21640-02 
0.17870 02 
-0.24510-12 

42 



DETAIL OF NOOE 10 TEMPERATURE = -144.50 AREA = 0.10000 01 
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 

NOOE 
1 
2 
3 
4 
5 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

ILUM 

-0.00000-38 
-O+OOOOO-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 

a CUMP 
= 0.00000-38 

F ASCRIPTFTIR 
0.81300-02 0.66080-02 
0.22180-01 0.17980-01 
0.31070-01 0.25180-01 
0.34640-01 0.28070-01 
0.00000-38 0.50160-03 
0.00000-38 0.58520-03 
0-00000-38 0.48800-03 
0.00000-38 0.37620-03 
0.00000-38 0.28670-03 
0.00000-38 0.22070-03 
0.00000-38 0.17290-03 
0-00000-38 0.13800-03 
0.90400 00 0.81940 00 

THETA = 0.900000 02 
P COMP Q COMP 

-0.75640 00 -0.33230 01 
-0.17670 01 -0.86860 01 
-0.22670 01 -0.11890 02 
-0.23910 01 -0.13080 02 
-0.34440-01 -0.00000-38 
-0.25260-01 -0.00000-38 
-0.12510-01 -0.00000-38 
-0.51360-02 -0.00000-38 
-0.15860-02 -0.00000-38 
-0.00000-38 0.30330 02 
0.66530-03 -0.00000-38 
0.90910-03 -0.00000-38 
0.13920 02 -0.00000-38 
0.66510 01 -0-66570 01 

TOTAL 
-0.40790 01 
-0.10450 02 
-0.14160 02 
-0.15470 02 
-0.34440-01 
-0.25260-01 
-0.12510-01 
-0.51360-02 
-0.15860-02 
0.30330 02 
0.66530-03 
0.90910-03 
0.13920 02 
0.56840-13 

6 
7 
8 
9 

10 
11 
12 
13 

TOTALS 0.00000-38 o.1oooo 01 

DETAIL  OF NOOE 11 TEMPERATURE 
I R  EMITTANCE 
I L u n  

P COMP 

= -164.12 AREA = 0.10000 01 
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

F ASCRIPTFTIR (I COMP a c o w  NODE CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TOTAL 
-0.29540 01 
-0.77710 01 
-0.11010 02 
-0.12690 02 
-0.27120-01 
-0.21030-01 
-0.11130-01 
-0.51260-02 
-0.21020-02 
-0.66530-03 
0.23490 02 
0.29690-03 
0.11000 02 
0.28220-10 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0.58500-02 0.47560-02 -0;56270 00 -0.23910 01 
0.16380-01 0.13280-01 -0.13560 01 -0.64150 01 
0.23990-01 0.19440-01 -0.18260 01 -0.91840 01 
0.28210-01 0.22860-01 -0.20350 01 -0.10650 02 
0.00000-38 0-37410-03 -0.27120-01 -0-00000-38 
0.00000-38 0.44740-03 -0.21030-01 -0.00000-38 
0.00000-38 0.37750-03 -0.11130-01 -0.00000-38 
0.00000-38 0.29290-03 -0.51260-02 -0.00000-38 
0.00000-38 0.22410-03 -0.21020-02 -0~00000-38 
0.00000-38 0.17290-03 -0.66530-03 -0.00000-38 
0.00000-38 0.13570-03 -0.00000-38 0.23490 02 
0.00000-38 0.10840-03 0.29690-03 -0.00000-38 
0.92560 00 0.83750 00 0.11000 02 -0.00000-38 

0.51550 01 -0.51550 01 O.1COOO 01 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

DETAIL  OF NODE 12 TEMPERATURE = -180.92 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTbNCE = 0.1800 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

NODE 
1 
2 

ILUM = 0.00000-38 
P COMP F ASCRIPTFTIR 

-0.00000-38 0-44100-02 0.35860-02 
-O+OOOOO-38 0.12540-01 0.10170-01 
-0.00000-38 0.18940-01 0.15350-01 
-0.00000-38 0.23110-01 0.18730-01 
-0.00000-38 0~00000-38 0.28890-03 
-0.00000-38 0.00000-38 0.35130-03 

-0.00000-38 0.00000-38 0.23290-03 
-0.00000-38 0.00000-38 0.17860-03 
-0.00000-38 0.00000-38 0.13800-03 

-o.ooooo-38 o.oaooo-38 0.29880-03 

THETA = 0.900000 02 
P COUP a COUP 

-0.43410 00 -0-18020 01 
-0.10660 01 -0-49110 01 
-0.14830 01 -0.72510 01 
-0.17190 01 -0.87250 01 
-0.21740-01 -0.00000-38 
-0.17470-01 -0-00000-38 
-0.96250-02 -0.00000-38 
-0.47120-02 -0.00000-38 
-0.zib40-02 -o.oaooo-38 

TOTAL 
-0.22360 01 
-0.59770 01 
-0.87340 01 
-0.10440 02 
-0.21740-01 
-0.17470-01 
-0.96250-02 
-0.47120-02 
-0.21640-02 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

-0.<6910-03 -0.00000-38 -0.90910-0; 
0.00000-38 
0.00000-3? 
0.00000-38 

0.00000-38 0.10840-03 
, . 0.00000-38 . . . . . . . . . . . . g:@$$B?:p$ 
0.94100 00 0.85050 00 
0.10000 01 

DETAIL  

T H I  
NODE 

1 
2 
3 
4 
5 
6 
7 
8 

OF NOOE 13 TEMPERATURE 
IR EMITTANCE 
I L U H  

ANT TEMPERATU 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

P CONP 

= -459.00 
= 1.0000 
= 0.00000-I 

RE NOD: 

AREA = 0.89440 01 
SOLAR EMITTANCE = 1.0000 

18 THETA = 0.900000 02 

ASCRIPTFTIR P COMP 0 COUP 
S I S  A CONST 

CONDUCTANCE 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TOTAL 
-0.28350 
-0.29640 
-0.31360 

0-59380-01 
0.66190-01 
0.72550-01 
0.78280-01 
0-62780-01 
0-75410-01 
0.85410-01 
0.92620-01 
0.97620-01 
0.10110 00 
0.10350 00 
0.10520 00 

0.10000 01 
o.aoooo-3e 

03 
03 
03 
03 
03 
03 
02 
02 
02 
02 
02 
02 
-38 
04 .. 

0.50560 00 -0.66460 02 -0.21710 03 
0.56020 00 -0.64550 02 -0.23180 03 
0.60910 00 -0.65190 02 -0.24840 03 
0.65230 00 -0.66640 02 -0.26430 03 
0.52870 00 -0.45280 02 -0.81090 02 
0.62560 00 -0.37630 02 -0-70610 02 
0.70140 00 -a.z989o 02 -0.57440 or 

-0.33100 
-0.12640 
-0.10820 
-0.87330 
-0.68220 
-0.52900 
-0.41330 
-0.32740 
-0.26350 

0.0000D. 
-0.17680 .-__ ...... 

6.75580 00 -0.53150 02 -0.45060 02 
9 
10 
11 
12 
13 

TOTALS 

0.79350 00 -0.17870 02 -0.35030 02 
0.81940 00 -0.13920 02 -0.27410 02 
0.83750 00 -0.11000 02 -0.21740 02 
0.85050 00 -0.88430 01 -0.17510 02 
0.70470 00 -0.00000-38 0-00000-38 

-0.45040 03 -0.13180 04 ____ ...- _ _  -_...=.... ._ ..... -.-..1 

~~ ..... .. 
-0.00000-38 
o.ooaoo-38 
0.00000-38 .... 1.1. ..... ............. I 

82-7886 3 



TITLE CARD 

T A S  I r  MAY 6. 1969 VERSION* JAH X2777. CASE NUMBER 3 
TEMPERATURE OISTRIBUTION OF AN 1-SHAPE STEP CAVITY 
STEP R I S E R = Y ,  STEP TREAD=X 

T CASE 3, Y*ZX AN0 ALUMINUM SURFACE 
C 1 2 3 4 5 6 7 
C23456789012345678901234567890123456789012345678901234567890123456789012 

COMMENT CARD 
COMMENT CARO 

EIR( 11=0.10 DATA CARO 
EIRl2l=O.10 DATA CARD 
ElRl3I=O.10 DATA CARD 
EIR(41=0.10 DATA CARD 
EIRI51=0.10 DATA CARD 

DATA CARD 
DATA CARD 
DATA CARD 
DATA CARD 

EIRl10)=0.10 DATA CARD 
E I R l l l l = 0 . 1 0  DATA CARO 
EIRI l21=0.10 DATA CARD 

ESOL( l l=0.20 DATA CARD 
ESOLIZl=O.ZO DATA CARD 
ESOL131=0.20 DATA CARD 
ESOL14)=0.20 DATA CARD 
ESOLI51=0+20 DATA CARO 
ESOL161=0.20 DATA CARD 
ESOLI71=0.20 DATA CARD 
ESOL18I-0.20 DATA CARD 
ESOLl9I-0.20 DATA CARD 
ESOLl101=0.20 DATA CARD 
ESOLI111=0.20 DATA CARD 
ESOLllZ)=O.ZO DATA CARO 
EN0 OF CASE CONTROL CARD 

C COMMENT CARD 

................................................................................. 

E IR l6 l=O.  10 
E IR l7 l=0 .10  
EIR181=0.10 
EIR191=0.10 

TAS I r  HAY 6, 1969 VERSION, JAH X2777, CASE NUMBER 3 
TEMPERATURE DISTRIBUTION OF AN L-SHAPE STEP C A V I T Y  
STEP RISER=Y, STEP TREAOlX 
CASE 3. Y=ZX AND ALUMlNUH SURFACE 

THE RESIDUES ARE 
1 = -0.865260770 02 2 = -0.839818720 02 3 = -0.826586410 02 4 = -0.818614320 02 
6 = -0.192827550 02 7 = -0.139003130 02 8 = -0.100741030 02 9 = -0.743747630 0 1  

11 = -0.435727390 0 1  12  -0.345267360 0 1  13  = -0.134248050 04 

THE TEMPERATURES ARE 
1 0-662439930 02 2 = 0.492006230 02 3 = 0.398895890 02 4 = 0.341144440 02 
6 = -0.871935670 02 7 = -0.629122260 02 8 = -0.943662180 02 9 = -0.121449720 03 

11 = -0.164122020 03 12  = -0.180919420 03 13  = -0.459000000 03 

THE RESIDUES ARE 
1 = 0.582029050 03 2 = 0.665375340 03 3 = 0.720215340 03 4 0.758256480 03 
6 = 0.317206180 02 7 = 0.232502360 02 8 = 0.169820150 02 9 = 0.125897750 02 

11 = 0.740508500 0 1  12  = 0.587372350 0 1  13  = -0.464295560 04 

THE TEMPERATURES ARE 
1 = 0.961160190 03 2 = 0.996866590 0 3  3 = 0.101962380 04 4 =- 0.103502340 04 
6 = 0.379746570 03 7 = 0.315635660 03 8 = 0.256487550 03 9 = 0.204567340 03 

11 = 0.121771070 03 12  = 0.889795770 02 13  = -0.459000000 03 

THE RESIDUES ARE 
1 = 0.161315690 03 2 = 0.188173370 0 3  3 = 0.205190570 03 4 = 0.217991450 0 3  
6 = 0.560576970 0 1  7 = 0.414704780 0 1  8 = 0.304195220 0 1  9 = 0.226029280 0 1  

11 = 0.133231830 0 1  12 = 0.105737710 0 1  13  = -0.256764350 04 

THE TEMPERATURES ARE 
1 = 0.657987410 03 2 = 0.678548830 03 3 = 0.692318430 03 4 = 0.701862660 03 
6 = 0.240338180 03 7 = 0.185840380 03 8 = 0.136140690 03 9 = 0.927166850 02 

11 = 0.236672100 02 12  -0.364050660 0 1  13  = -0.459000000 03 

THE RESIDUES ARE 
1 = 0.336795450 02 2 = 0.418371640 02 3 = 0.472520920 02 4 3 0.510239180 02 
6 = -0.167740660 00 7 = -0.118058850 00 8 = -0.845908970-01 9 = -0.620763440-01 

11 = -0.361638560-01 12  = -0.286154680-01 13 = -0.194101300 04 

THE TEMPERATURES ARE 
1 = 0.485543850 03 2 = 0.490074310 03 3 = 0.494427430 03 4 = 0.497884550 03 
6 = 0.186839880 03 7 = 0.135437850 0 3  8 = 0.891459950 02 9 = 0.489085080 02 

11 = -0.148671470 02 12 = -0.400477920 02 13 = -0.459000000 03 

THE RESIDUES ARE 
1 = 0.304121550 0 1  2 i 0.452603070 0 1  3 I 0.561462630 0 1  4 I 0.641435130 01 
6 = -0.144054240 00 7 I -0.111366740 00 8 = -0.834042660-01 9 = -0.626731240-01 

11 = -0.373436870-01 12 = -0.297203940-01 13  = -0.178691510 04 

THE TEUPERATURES ARE 
1 * 0.426114070 03 2 = 0.418052240 03 3 = 0.414543810 03 4 = 0.412753400 03 
6 = 0.179448240 03 7 I 0.128292930 03 8 = 0.824030160 02 9 0.425816100 02 

11 = -0.204672300 02 12 = -0.453472790 02 13  = -0.459000000 03 

THE RESIDUES ARE 
1 0-330894460-01 2 * 0.756301940-01 3 = 0.117666990 00 4 = 0.154304580 00 
6 = -0.30375466D-02 7 = -0.252992440-02 8 = -0.196136180-02 9 = -0+150141310-02 

11 = -0.910583620-03 12  * -0.728009760-03 13  = -0.176836600 04 

THE TEMPERATURES ARE 
1 = 0.419587240 03 2 = 0.408191890 03 3 = 0.402219880 03 4 = 0.398618210 03 
6 * 0 1793 1809Dq?7 7=&J&641)A37--j( .  :-- 9&Z?~JBFp.9.C-. .S .% . . Q-r4?$4P &??FAA 

11 = -0.205760820 02 12 = -0.454506140 02 13 = -0.459000000 03 

THE RESIDUES ARE 
1 = 0.388050580-05 2 = 0.221780380-04 3 = 0.551346810-04 4 = 0.962375050-04 
6 -0-126394030-05 7 = -0.116654990-65 8 = -0-949645220-06 9 = -0.746423710-06 

11 = -0.464341830-06 12 = -0.373684970-06 13  = -0.176800020 04 

THE TEMPERATURES ARE 
1 = 0.419513870 03 2 = 0.408021360 03 3 = 0.401950590 03 4 = 0.398261450 03 
6 = 0.179318050 03 7 = 0.128160600 03 8 = 0.822751370 02 9 = 0.424600790 02 

11 = -0.205761230 02 12  = -0.454506530 02 13 = -0.459000000 03 

5 = -0.263625340 02 
10  = -0.562436600 0 1  

5 = 0.127870310 02 
10 = -0.144496310 03 

5 = 0.417141330 02 
10  = 0.954384710 0 1  

5 = 0.443137000 03 
10 = 0.159960120 03 

5 = 0.721193010 0 1  
10 = 0.171570420 0 1  

5 = 0.296048160 03 
10  = 0.554940680 02 

5 -0.235696900 00 
10 = -0.467811400-01 

5 = 0.241177230 0 3  
1 0  = 0.145061640 02 

5 = -0.164670040 00 
10 = -0.478888810-01 

5 I 0.234044540 03 
10 = 0.856387540 01 

5 = -0.282094510-02 
10  = -0.115976140-02 

5 0.233933070 03 --_- 10 Q&4891540 0 1  

5 =-0.868637660-06 
10  = -0.585622160-06 

5 = 0.233933050 03 
10 = 0.844887310 0 1  

J 



THE RESIDUES ARE 
1 = -0.383693080-12 2 = 0.147792890-11 3 = 0.117594820-10 4 0.373105990-10 5 = -0.27'7111670-12 
6 = -0-401456650-12 7 = -0.392574860-12 8 = -0.333955090-12 9 = -0.269118060-12 10 = -0.215827360-12 

11 = -0.157651670-12 12 = -0.132782670-12 13 = -0.176800000 04 

THE TEUPERATURES ARE 
1 = 0-'+1951386U 03 2 = 0.408021310 03 3 = 0.401950460 03 4 = 0.398261230 03 5 = 0.233933050 03 
6 = 0.17931805U 03 7 = 0~128160600 03 8 = 0.822751370 02 9 0.424600790 02 10 = 0.844887310 01 
11 = -0.205761230 02 12 = -0.454506530 02 13 = -0.459000000 03 ................................................................................... 

TAS I t  MAY 6. 1969 VERSION. JAH X2777. CASE NUHBER 3 
TEUPERATURE D I S T R I B U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y, STEP TREAD=X 
CASE 3r Y=ZX AND ALUMINUM SURFACE 

ENERGY PER U N l T  T l H E  I N  15 NEGATIVE AN0 ENERGY PER U N I T  T I H E  OUT I S  P O S I T I V E  

D E T A I L  OF NODE 1 TEMPERATURE 
I R  EMITTANCE 
ILUM 
0 COMP 

= 419.51 AREA = 0.10000 01 
= 0.1000 SOLAR EMITTANCE = 0.2000 
= 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR 0 COMP 0 COUP NODE CONDUCTANCE TOTAL 
-0.44200 03 
0.39630 03 
0.21770-01 
0.18150-01 

0.00000-38 
0.00000-38 
0.000OD-38 
0.00000-38 
0.29290 00 
0.89070-01 
0.36890-01 
0-19590-01 
0.12040-01 
0.81300-02 

0.44100-02 
0.53110 00 
0.10000 01 

0.5n500-02 

I IRECT SOLAR--0.44200 03 
-0.00000-38 0.39630 03 
0.21770-01 -0.00000-38 
0.18150-01 -0-00000-38 

-0.00000-38 
-0.40050 02 
-0.88400 01 
-0.26310 01 

0.21770 00 -0.10110 01 
0.14340 00 -0.45840 00 
0 - 1 0 1 4 0  00 -0.23390 00 
0.75280-01 -0.13040 00 

-0.00000-38 
-0.99090 02 

-0.77e60-01 

0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-3R 

0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
(1.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.14000-01 
0.20250 01 
0.76260 00 
0.36920 00 

-0.38020 02 
-0.80770 01 
-0.22620 01 
-0.79330 00 
-0.31500 00 
-0.13260 00 
-0.55090-01 

0-95280 02 
-0.i9e50-01 

-0.34ezo-iz 

7 
8 
9 
10 
11 
12 
13 

TOTALS 

0.00000-36 6.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 

D E T A I L  

NODE 

OF NODE 2 

CONDUCTANCE 

TEMPERATURE 
I R  EHITTANCE 
I L U H  

Q COKP 

= 408.02 
= 0.1000 
= 0.10000 t 

F 

AREA = 0.10000 01 

TOTAL 
-0.44200 03 
-0.21770-01 
0.38060 03 
0.58790-02 
0.69260-02 

-0.11580 02 
-0.10540 02 
-0.47010 01 
-0.20120 01 
-0.90180 00 
-0.42270 00 
-0.20210 00 
-0.94530-01 
0.91880 02 
0.15130-11 

0-00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 

-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 

8 
9 
10 
11 
12 
13 

TOTALS 

D E T A I L  OF NODE 3 TEHPERATURE 
I R  EMITTANCE 
ILUM 

Q COUP 

-0.00000-38 

= 401.95 AREA = 0.10000 01 
= 0.1000 SOLAR EHITTANCE = 0.2000 
= 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR Q COUP Q COMP 
DIRECT SOLAR -0.44200 03 

0-00000-38 0.22830-03 -0.18150-01 -0.00000-38 
0-00000-38 0.21820-03 -0-58790-02 -0.00000-38 
O+OOOOO-38 0.17780-03 -0.00000-38 0.37250 03 

0.74540-01 0.80420-03 0.53060 00 -0.73980 01 
0.70020-01 0.74060-03 0.54880 00 -0.49940 01 
0.54610-01 0-57450-03 0.45840 00 -0.28180 01 
0.41040-01 0.43100-03 0.36070 00 -0.15620 01 
0.31070-01 0-32610-03 0.28160 00 -0.89410 00 
0.23990-01 0.25180-03 0.22210 00 -0.53460 00 
0.1894n-01 0.19870-03 0.1780~ on -0.33440 00 

NODE CONDUCTANCE TOTAL 
-0.44200 03 
-0.18150-01 
-0-58790-02 
0.37250 03 ........... 0.22790-02 
-0.47950 01 
-0.68610 01 
-0.44450 01 
-0.23600 01 
-0.12020 01 
-0.61240 00 
-0.31250 00 
-0.156~ 00 

1 0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0-00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-~8 

O.OOOOD-~~ 

2 
3 
4 

-0-00000-38 
0.00000-38 
0.OOOOQ-38 . . . 
0-00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 

r__  .. o.ooooo:~d' 5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

.... ~ 

0.00000-38 0.64890 00 0;95450-01 O;Soiii Oi -O.ooooD-ii 
~ . .  ~ 

0.90310 02 
0.00000-38 0.10000 01 0.93120 02 -0.93120 02 o.11noo-io 

DIRECT SOLAR -0.44200 03 -0.44200 03 
1 0-00000-38 -0.00000-38 0.00000-38 0.14650-03 -0.14000-01 -0.00000-38 -0.14000-01 
2 0.00000-38 -0.00000-38 0.00000-38 0.16090-03 -0.69260-02 -0-00000-38 -0.69260-02 
3 0.00000-38 -0-00000-38 0.00000-38 0.14160-03 -0.22790-02 -0.00000-38 -0.22790-02 
4 0.00000-38 0.00000-38 0-00000-38 0-11860-03 -0-00000-38 0.36760 03 0.36760 03 
5 0.00000-38 0.00000-38 0419590-01 0.25420-03 0.13540 00 -0.26790 01 -0.25430 01 
6 0.00000-38 0.00000-38 0.47120-01 0.51410-03 0.33090 00 -0.46770 01 -0.43460 01 
7 0-00000-38 0.00000-38 0-54610-01 0.57650-03 0.41790 00 -0.38950 01 -0.34770 01 
8 0.00000-38 0.00000-38 0.50250-01 0.52420-03 0.40980 00 -0.25930 01 -0.21830 01 
9 0.00000-38 0.00000-38 0.42340-01 0.43930-03 0.36060 00 -0.16120 01 -0.12510 01 
10 0.00000-38 0.00000-38 0.34640-01 0.35830-03 0.30370 00 -0.99680 00 -0.69310 00 
11 0.00000-38 0.00000-38 0.28210-01 0.29130-03 0.25230 00 -0.62870 00 -0.37640 00 
12 0.00000-38 0.00000-38 0.23110-01 0.23840-03 0.20960 00 -0.40800 00 -0.19840 00 
13 0.00000-38 0.00000-38 0.70010 00 0-96240-01 0.89500 02 -0.00000-38 0.89500 02 

TOTALS 0.00000-38 0.10000 01 0.91900 02 -0.91900 02 0.31330-10 

T 16 



DETAIL  

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

OF NODE 5 TEMPERATURE 
I R  EMITTANCE 
ILUM 
Q CDHP 

-0.00000-38 
-0.00000-38 
-O.OO~OD--~R 

= 233.93 
= 0.1000 
= 0.00000- 

SOLAR E 

ASCRIPTFTIR 
0.32240-02 
0.10340-02 
0.45500-03 
0-25420-03 
0.95230-03 
0.40660-03 
0.21760-03 
0.13460-03 
0.90690-04 
0.64880-04 
0.48500-04 
0.37510-04 
0.93080-01 

38 
CONDUCTANCE TOTAL 

-0.11810 03 
-0.34491) 02 
-0.13990 02 

0.29290 00 
0.89070-01 
0.36890-01 
0.19590-01 

.....~~ ~. 
-0.00000-38 -0.73360 01 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.56160 DO 
0.00000-38 0.10000 0 1  

0.00000-38 
0.00000-38 
O.OC000-38 
0.00000-38 

0.13670 03 
0.45170-01 
0.41850-01 

0.26140-01 
0.20430-01 
0.16180-01 
0.13010-01 
0.36990 02 
-0.26650-12 

DETAIL  

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

OF NODE 6 TEMPERATURE 
I R  EHITTANCE 
ILUN 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 0.00000-38 0.40660-03 -0.45170-01 -0.0000P.38 

0.00000-38 0.00000-38 0.i9290-03 O.l${fO-Ol -0.00000-38 
0.00000-38 0.00000-38 0.13330-03 0.18410-01 -0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

Q c o w  

. .arooQ9k!8. .Q:OFQ??:38. .Q:2????S?. ;p.:!000D:3?. .9..???5? .O? 

= 179.32 AREA = 0.10000 01 
= 0.1000 SOLAR EMITTANCE = 0.2000 
= 0.00000-38 THETA = 0.900000 02 

0.89070-01 0.10320-02 -0.76260 00 -0.35300 02 
0.11470 00 0.12340-02 -0.84710 00 -0.43670 02 
0.74540-01 0.80420-03 -0.53060 00 -0.27760 02 
0.47120-01 0.51410-03 -0.33090 00 -0.17320 02 

F ASCRIPTFTIR Q c n w  Q COMP 

0.00600-38 
0.00000-38 
O.OODOD-Z(, 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.18410-01 
0.16890-01 
0.14410-01 
0.12020-01 

0.00000-38 0.95380-04 0.16890-01 -0.00000-38 
0-00000-38 0.70690-04 0.14410-01 -0.00000-38 
0.00000-38 0.54030-04 0.12020-01 -0-00000-38 

12 0.00000-38 0.00000-38 
13 0.00000-38 0.00000-38 

TOTALS 0.00000-38 

0.00000-38 0.42420-04 0.99980-02 -0.OOOOO-38 0.99980-02 
0.67450 OD  0.95140-01 0.27240 02 -0.00000-38 0.27240 02 
0-10000 01 0.24810 02 -0.24810 02 -0.39440-12 

DETAIL  OF NODE 7 TEMPERATURE 
IR EMITTANCE 

= 128.16 AREA = 0.10000 01 
= 0.1000 SOLAR EMITTANCE = 0.2000 

ILUM 
NODE CDNDUCTANCE Q CDLP 

I 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 
3 0.00000-38 -0.00000-38 
4 0.00000-38 -0.00000-38 
5 0.00000-38 -0.00000-38 
6 0.00000-38 -0.00000-38 
7 0.00000-38 0.00000-38 
8 0.00000-38 0.00000-38 
9 0.00000-38 0.00000-38 

0.70020-01 0.74060-03 -0.54880 00 -0.26080 02 -0.26630 02 
0.54610-01 0.57650-03 -0.41790 00 -0.20070 02 -0.20490 02 
0.00000-38 0.217h0-03 -0.41850-01 -0.00000-38 -0.41850-01 

0.00000-38 0.14370-03 -0.00000-38 0.71320 02 0.71320 02 
0.00000-38 0.10440-03 0.59390-02 -0.00000-38 0.59390-02 
0.00000-38 0.76870-04 0.13690-02 -0.00000-38 0.73690-02 

10 0.00000-38 0.00000-38 0 .  00000-38 0.5i9iD-04 0.7ioiO-02 -0; OaooD-i i  0; iioio-05 
11 0.00000-38 0.00000-38 
12 0.00000-38 0.00000-38 
13 0.00000-38 0.00000-38 

0.00000-38 0.44810-04 0.63270-02 -0.00000-38 0.63270-02 
0.00000-38 0.35440-04 0.54760-02 -0.00000-38 0.54760-02 
0.76390 00 0.96560-01 0.19810 07 -0.00000-38 0.19810 02 

TDTALS 0.00000-38 0.10000 01 0.178jD 05 -0.17830 02 -0.38900-12 

DETAIL  OF NODE 8 TEMPERATURE 
IR EMITTANCE 
ILUM 

NDDE CONDUCTANCE P CDNP 
1 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 
3 0.00000-38 -0.00000-38 
4 0.00000-38 -0.00000-38 
5 0.00000-38 -0.00000-38 
6 0.00000-38 -0.00000-38 
7 0.00000-38 -0.0’0000-38 
8 0.00000-38 0.00000-38 
9 0.00000-38 0.00000-38 
10 0.00000-38 0.00000-38 
11 0.00000-38 0.00000-38 
12 0.00000-38 0.00000-38 
13 0.00000-38 0.00000-38 

TDTALS 0.00000-38 

= 82.28 AREA = 0.10000 01 
= 0.1000 SOLAR EMITTANCE = 0.2000 
= 0.00000-38 THETA 0.900000 02 

F ASCRIPTFTIR Q COMP o c o w  TOTAl 
-0.21170 00 
-0.42020 00 
-0.45840 00 
-0.40980 OD 
-0.33540-01 
-0.18410-01 
-0.59390-02 
-0.00000-38 
0.22720-02 
0.29160-02 
0.29110-02 
0.26770-02 
0.14460 02 
0.12900 02 

0.19590-01 
0.47120-01 
0.54610-01 
0.50250-01 

0.24810-03 
0.50940-03 
0.57450-03 
0.52420-03 
0.13460-03 
0.13330-03 
0.10440-03 
0.77920-04 
0.58300-04 
0.44390-04 
0.34530-04 
0.27430-04 
0.97530-01 

-0.77640 01 
-0.17930 02 
-0.20340 02 
-0.18470 02 
-0.00000-38 
-0.00000-38 
-0.00000-38 
0.51610 02 

-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.12900 02 

-0.i9820 01 
-0.18350 02 
-0.20800 02 
-0.18880 02 
-0.33540-0 i 
-0.18410-01 
-0.59390-02 
0.51610 02 

0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.82840 O D  
0.1CODD 01 

0.22720-02 
0.29160-02 0.29110-02 

0.26770-02 
0.14460 02 

-0.32860-12 

DETAIL  OF NODE 9 TEMPERATURE 
I R  EMITTANCE 
ILUM 

= 42.46 AREA = 0.10000 01 
= 0.1000 SOLAR EMITTANCE = 0.2000 
= 0.00000-38 THETA 0.900000 02 

NDOE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

TOTALS 

CONDUCTANCE P CDMP 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0.00000-38 -0.00000-38 
0 . 0 0 0 0 O - ~ 8 ~ 0 ~ 0 ~ ~ ~ D ~ 3 8  
0.00000-38 0.00000-i8- 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 
0.00000-38 0.00000-38 

0.00000-38 

F 
0.12040-01 
0.31440-01 
0.41040-01 
0.42340-01 
0.00000-38 
0.00000-38 
0.00000-38 
0-OCOOD-38 
0.OCDOD-38 

0.00000-38 
0.OCOOD-38 
0.87310 00 
0.10000 01 

T T O 6 5 F S l f  

ASCRIPTFTIR Q CDMP Q CDMP TOTAL 
0.15650-03 -0.14340 00 -0.47720 01 -0.49150 01 
0.34170-03 -0.29520 00 -0.11970 02 -0.12260 02 
0.43100-03 -0.36070 00 -0.15290 02 -0.15650 02 
0.43930-03 -0.36060 00 -0.15560 02 -0.15920 02 
0.90690-04 -0.26140-01 -0.00000-38 -0.26140-01 
0.95380-04 -0.16890-01 -0.00000-38 -0.16890-01 
0.76870-04 -0.73690-02 -0.00000-38 -0.73690-02 
0.58300-04 -0.22720-02 -0.00000-38 -0.22720-02 
0.44020-04 -0.00000-38 0.38070 02 0.380322 
0.3371%-04 0.90050-03 -0.00000-38 0.90050-03 
0.26320-04 0.11930-02 -0.00000-38 0.11930-02 
0.20960-04 0.12290-02 -0.00000-38 0.12290-02 
0.98190-01 0.10730 02 -0.00000-38 0.10730 02 

0.95170 01 -0.95170 01 -0.26820-12 

~ ..... ~ ..___.._..-*__.-_-__...~~.-~..- 
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DETAIL 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

TOTALS 

OF NOOE 10 

CONDUCTANCE 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TEMPERATURE 
IR EMITTANCE 
ILUH 

P COMP 
-0.00000-38 
-0.00000-38 
-0.000003-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

= 8.45 AREA = 0.10000 0 1  
= 0.1000 SOLAR EWITTANCE = 0.2000 
= 0.00000-38 THETA = 0.900000 02 

TOTAL 
-0.39240 01 
-0.86510 0 1  
-0.11850 02 

0.34640-01 0 . 3 ~ 8 ~ 0 - 0 3  -0.30370 00 -0.12730 02 
0-00000-38 0.64880-04 -0.20430-01 -0.00000-38 
0.00000-38 0.70690-04 -0.14410-01 -0.00000-38 
0.00000-38 0.57970-04 -0.71060-02 -0.00000-38 
0.00000-38 0.44390-04 -0.29160-02 -0.00000-38 
0.00000-38 0.33710-04 -0.90050-03 -0.00000-38 
0.00000-38 0.25910-04 -0-00000-38 0.28780 02 
O.OCOO0-38 0.20270-04 0.37770-03 -0.00000-38 
0.00000-38 0.16170-04 0.51620-03 -0.00000-38 
0.90400 00 0.98630-01 0.81410 0 1  -0.00000-38 
0.10000 0 1  0.71940 0 1  -0.71940 0 1  

-0.13040 02 
-0.20430-01 
-0.14410-01 
-0.71060-02 
-0.29 160-02 
-0.90050-03 

0.2878n 0 2  . ~ .. .- 
0.37770-03 
0.51620-03 
0.81410 0 1  

-0.20610-12 

DETAIL OF NODE I 1  TEMPERATURE = -20.58 AREA = 0.10000 0 1  
I R  EWITTANCE = 0.1000 SOLAR EHITTANCE = 0.2000 
ILUM = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.58500-02 0.78280-04 -0.75280-01 -0.23190 0 1  -0.23940 0 1  
2 0.00000-38 -0.00000-38 0.16380-01 0.17930-03 -0.16300 00 -0.62340 0 1  -0.63970 0 1  
3 0.00000-38 -0.00000-38 0.23990-01 0.25180-03 -0.22210 00 -0.89350 0 1  -0.91580 01 
4 0.0~000-38 -0.00000-38 0.28210-01 0.29130-03 -0.25230 00 -0.10310 02 -0.10620 02 
5 0.00000-38 -0.00000-38 0.00000-38 0.48500-04 -0.16180-01 -0.00000-38 -0.16180-01 
6 0.00000-38 -0.00000-38 0.00000-38 0.54030-04 -0.12020-01 -0.00000-38 -0-12020-01 
7 0.00000-38 -0.00000-38 0.OCOOO-38 0.44810-04 -0.63270-02 -0.00000-38 -0.63270-02 
8 0.00000-38 -0.00000-38 0.00000-38 0.34530-04 -0.29110-02 -0.00000-38 -0.29110-02 
9 0.00000-38 -0.00000-38 0.00000-38 0.26320-04 -0.11930-02 -0.00000-38 -0.11930-02 

1 0  0.00000-38 -0.00000-38 0.00000-38 0.20270-04 -0-37770-03 -0.00000-38 -0.37770-03 
11 0.00000-38 0.00000-38 0.00000-38 0.15890-04 -0.00000-38 0.22290 02 0-22290 02 
1 2  0.00000-38 0.00000-38 0.00000-38 0.12680-04 0.16850-03 -0-00000-38 0.16850-03 
1 3  0.00000-38 0.00000-38 0.92560 00 0.98940-01 0.63230 01 -0.00000-38 0.63230 0 1  

TOTALS 0.00000-38 0.10000 0 1  0.55720 0 1  -0.55720 0 1  -0.15100-12 

NODE CONDUCTANCE P COUP F ASCRIPTFTIR P COUP 4 COMP TOTAL 

DETAIL OF NODE 1 2  TEMPERATURE = -45.45 AREA = 0.10000 01 
I R  EMITTANCE = 0.1000 SOLAR EMITTANCE = 0.2000 
ILUH = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.44100-02 0.59500-04 -0-58010-01 -0.17480 0 1  -0.18060 0 1  
2 0.00000-38 -0.00000-38 0.12540-01 0.13750-03 -0.12690 00 -0.47730 0 1  -0.48990 0 1  
3 0.00000-38 -0.00000-38 0.18940-01 0.19870-03 -0.17800 00 -0.70540 0 1  -0.72320 0 1  
4 0.00000-38 -0.00000-38 0.23110-01 0.23840-03 -0.20960 00 -0.84950 0 1  -0.87050 0 1  
5 0.00000-38 -0.00000-38 0.00000-38 0.37510-04 -0.13010-01 -0.00000-38 -0.13010-01 
6 0.00000-38 -0.00000-38 0.00000-38 0.42420-04 -0.99980-02 -0.00000-38 -0-99980-02 
7 0.00000-38 -0.00000-38 0.00000-38 0.35440-04 -0.54760-02 -0.00000-38 -0.54760-02 
8 0.00000-38 -0.00000-38 0.00000-38 0.27430-04 -0.26770-02 -0.00000-38 -0.26770-02 
9 0.00000-38 -0.00000-38 0.00000-38 0.20960-04 -0.12290-02 -0.00000-38 -0.12290-02 

1 0  0.00000-38 -0.00000-38 0.00000-38 0.16170-04 -0.51620-03 -0.00000-38 -0.51620-03 
11 0.00000-38 -0.00000-38 0.00000-38 0.12680-04 -0.16850-03 -0.00000-38 -0.16850-03 

NODE CONDUCTANCE P COMP F ASCRIPTFTIR 0 COMP 0 COUP TOTAL 

;: ::;g,g:;i. .g;gggg;-,;i.. $$gpg631. . g[igr,g{-g;. . ~ ~ ~ ~ ~ ~ . ~ ~ . : a ” i - ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ .  
TOTALS 0.00000-38 0.10000 0 1  0.44140 0 1  -0.44140 0 1  -0.12970-12 

DETAIL OF NODE 1 3  TEMPERATURE = -459.00 AREA = 0.89440 01 
I R  EMITTANCE = 1.0000 SOLAR EHITTANCE = 1.0000 
ILUH = 0.00000-38 THETA = 0.900000 02 

INSTANT TEMPERATURE NODE 

3 0.00000-38 -0.00000-38 0.72550-01 0.95450-01 -0.90310 02 -0 -24170 03 -0.33200 03 
4 0.00000-38 -0.00000-38 0.78280-01 0.96240-01 -0.89500 02 -0.25740 03 -0.34690 03 
5 0.00000-38 -0.00000-38 0-62780-01 0.93080-01 -0.36990 02 -0.76790 02 -0.11380 03 
6 0.00000-38 -0.00000-38 0.75410-01 0.95140-01 -0.27240 02 -0.66940 0 2  -0.94190 02 
7 0.00000-38 -0.00000-38 0.85410-01 0.96560-01 -0.19810 02 -0.54480 02 -0.74290 02 
8 0.00000-38 -0.00000-38 0.92620-01 0.97530-01 -0.14460 02 -0.42750 0 2  -0.57210 02 
9 0.00000-38 -0.00000-38 0.97620-01 0.98190-01 -0.10730 02 -0.33240 02 -0.43970 02 

1 0  0.00000-38 -0.00000-38 0.10110 00 0.98630-01 -0.81410 0 1  -0.26010 02 -0.34150 02 
11 0.00000-38 -0.00000-38 0.10350 00 0.98940-01 -0.63230 0 1  -0.20630 02 -0.26950 02 
1 2  0.00000-38 -0.00000-38 0.10520 00 0.99160-01 -0.50200 01 -0.16610 02 -0.21630 02 
1 3  0.00000-38 0.00000-38 0.00000-38 0.77880 0 1  -0.00000-38 0.00000-38 0.00000-38 

TOTALS 0.00000-38 0.10000 0 1  -0.49570 03 -0.12720 0 4  -0.17680 04 ............................................................................. 

TAS 1, WAY 6. 1969 VERSION. JAH X2777. CASE NUUBER 4 
TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP C A V I T Y  
STEP RISEH=VI STEP TREAO=X 

T SAME AS CASE ONE BUT WITH DIFFERENT UNITS, IWATTSr CHI OEG CI 
8OLTZ=.567593883510-11 
ABSCVN-273.3333333333 
SOLCON=.1394309344 
NlTER=2O 
CT1131=-272.7777777777 
P R I N T l l O l = l  
EN0 OF CASE 

T lTLE CARD 
DATA CARO 
DATA CARO 
DATA CARD 
DATA CARO 
OPTA CARO 
DATA CARD 
CONTROL ~ A R O  

BE@ E 

...._ _-_ ..... _.____ ......... r -_ . . r  .... --.. ..... r.r._ ..... _..-._” ............... 

WT 32-941 



T I 

$NAME2 

N =  137 

BDLTZ = 0.56759388350999980-11. 

0.13943093440000000 0 0 .  

RELTOL = 0.99999999999999970-05s 

A8SCVN = 0.27333333333329990 03, 

NITER = 20. 

L €NO 

SDLCON = 

........................................................ 

T I S  I r  MAY 6. 1969 VERSIDNI JAH X2777. CASE NUMBER 4 
TEMPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISER=YI STEP TREAD=X 
SANE AS CISE ONE BUT W I T H  DIFFERENT UNITS, tW4TTSr  CM, DEG G I  

THE RESIOUES ARE 
1 = 0.256604280 0 1  2 = 0.258211590 0 1  
6 = -0.147773690-01 7 i -0.996801780-02 

11 = -0.291814070-02 12 = -0.230175830-02 

3 = 0.259038760 0 1  
8 = -0.699142290-02 

13 = -0.108224540 02 

4 = 0.259534160 0 1  
9 = -0.506924170-02 

5 = -0.233397040-01 
1 0  = -0.379252600-02 

IHE TEMPERATURES ARE 
I = 0.41951386U 03 2 = 0.408021310 03 
6 = 0.17V318050 03 7 = 0 .1281~0600 0 3  

11 = -0.205761230 02 I 2  = -0.454506530 02 

THE RESIUUES AKE 
1 = 0.804>63620 00 2 = 0.809954930 00 
6 i -0.652446740-02 1 = -0.448229950-02 

3 = 0.401950460 03 
8 = 0.822751370 02 

13 = -0.272777780 03 

4 I 0.398261230 03 
9 = 0.424600790 02 

5 = 0.233933050 03 
1 0  = 0.844887310 0 1  

3 = 0.812729980 00 
8 = -0.317335120-02 

1 3  = -0.376880720 0 1  

4 = 0.814392130 00 
9 = -0.231299650-02 

5 = -0.993262720-02 
1 0  = -0.173592010-02 

11 = -0.133839130-02 12 = -0.105712460-02 

THE TEHPERATURES ARE 
1 = 0.3889n66io 03 2 = 0 .3~0130670 03 

11 = 0.583856200 02 1 2  = 0.396065450 02 
b = 0.209353170 03 7 0.170697220 03 

3 = 0.375451710 03 
8 = 0.136042190 03 

13 = -0.272777780 03 

4 = 0.372608030 03 
9 = 0.105977980 03 

5 = 0.250677350 03 
10 = 0.802988420 02 

THE RESIDUES ARE 
1 = 0.247345700 00 2 = 0.249349380 00 
6 = -0.381169180-02 7 = -0.267472650-02 

11 = -0.816416630-03 1 2  = -0.645797340-03 

THE TEMPERATURES ARE 
1 = 0.229692920 03 2 = 01222502400 03 
b I 0.961122370 02 7 = 0.664528620 02 

3 = 0.250381850 00 
8 = -0.191365530-02 

13 = -0.153793390 0 1  

4 = 0.251000640 00 
9 = -0.140295840-02 

5 = -0.554560610-02 
10 = -0.105658010-02 

3 = 0.218701030 03 
8 = 0.399022780 02 

13 = -0.272777780 03 

4 = 0.216389900 03 
9 = 0.168828010 02 

5 = 0.121944420 0 3  
1 0  = -0.277324340 0 1  

11 = -0.195438920 02 

THE RESIDUES ARE 

12 = -0.339144660 02 

1 = 0.714237190-01 2 = 0-723306930-01 
6 = -0.266012300-02 7 = -0.189495630-02 

11 = -0.587167260-03 1 2  = -0.464917630-03 

3 = 0.728008280-01 
8 = -0.136564320-02 

1 3  = -0.834885670 00 

4 = 0.730835390-01 
9 = -0.100516420-02 

5 = -0.374010610-02 
1 0  -0.758769310-03 

THE TEMPERATURES ARE 
1 = 0.118285520 03 2 = 0.111677320 03 
6 = 0.203227870 02 7 1 -0 .340057240 0 1  

11 = -0.718257080 02 12 = -0-832424560 02 

3 = 0.108176620 03 
8 = -0.245575150 02 

1 3  = -0.272777780 03 

4 = 0.106045800 03 
9 = -0.428721740 02 

5 0.460402020 02 
10 = -0.584987460 02 

UNORFLDW AT 24413 IN AC AND na. 
THE RESIDUES ARE 

1 = 0.168741220-01 2 = 0.173579540-01 
b = -0.160683200-02 7 = -0.115783810-02 

11 = -0.362788200-03 1 2  = -0.287462780-03 

3 = 0.176147850-01 
8 = -0.838958820-03 

1 3  = -0.619802220 00 

3 = 0.395802510 02 
8 = -0.591068410 02 

13 = -0.272777780 03 

4 = 0.177713160-01 
9 * -0.619314160-03 

5 = -0.219819080-02 
10 -0.468306450-03 

THE TEMPERATURES ARE 
1 = 0.507902060 02 2 = 0.434781850 02 
6 * -0.200917210 02 7 = -0.407794120 02 

11 = -0.99896388U 02 12 = -0.109732980 0 3  

4 = 0.371990130 02 
9 = -0.749281340 02 

5 = 0.272393800 0 1  
1 0  = -0.884085870 02 

UNDRFLDW AT 24413 IN AC ANO ma. 

THE RESIDUES ARE 
4 = 0.247386290-02 

THE TEMPERATURES ARE 
I = 0.233966170 02 2 = 0.146256910 02 
6 = -0.319480690 02 7 = -0.518391290 02 

11 = -0.IO827112U 03 1.2 = -0.117640530 03 

4 = 0.697261840 0 1  
9 = -0-844719610 02 

5 = -0.972969830 0 1  
1 0  = -0.973248410 02 

UNDRFLOW AT 24413 1N A t  AND Ha- 

THE RESIOUES ARE 
1 = 0.473160180-04 2 = 0.601902310-04 
6 = -0.165728620-04 7 = -0.126450580-04 

11 = -0.418458250-05 1 2  = -0.332742900-05 

THE TEMPERATURES ARE 
1 = 0.191201280 02 2 = 0.968822460 0 1  
6 -0.328798710 02 7 = -0.527236660 02 

11 = -0.108952420 03 1 2  = -0.118284530 03 

UNDRFLOW A T  24413 IN AC AND na. 
THE RESIDUES ARE 

1 = 0.233786910-07 2 = 0.424649810-07 
6 = -0.133743300-07 7 = -0.109487500-07 

11 = -0.387096470-08 1 2  = -0.309112600-08 

3 = 0.686499710-04 
8 = -0.941013680-05 

1 3  = -0.557896210 00 

4 = 0.744829980-04 
9 = -0.704659380-05 

5 = -0.19609358D-04 
1 0  -0-537325330-05 

3 = 0.454158070 0 1  
8 = -0.701983680 0 2  

1 3  = -0.272777780 03 

4 = 0.135211240 0 1  
9 = -0.852450520 02 

5 -0.106688110 02 
1 0  -0.980489930 0 2  

3 = 0.589727370-07 

1 3  = -0.557723870 00 
8 = -0.841591770-08 

4 = 0.723620810-07 
9 = -0.641201060-08 

5 = -0.129782700-07 
1 0  = -0-493904330-08 

THE TEMPERATURES ARE 
1 = 0.190244880 02 2 = 0.955599430 0 1  3 = 0.438324050 0 1  
6 = -0.328853150 02 7 = -0.527290140 02 8 = -0.702034540 02 

r---_m-7--. -.,.-_. .__-_-.I--__.___.._.._n-_-.T_____rr_ 11 = -0 . ion956680 03 12 = -0.i18288570 03 13 = -0.272777780 03 

4 = 0.117486300 0 1  
9 = -0.852498440 02 

5 = -0.106738720 02 
1 0  = -0.980535050 02 

48 



TAS I r  MAY 6. 1969 VERSION. JAH X2771. CASE NUHBER 4 
TEMPERATURE D l S T R I 8 U T I O N  OF AN L-SHAPE STEP CAVITY 
STEP RISER=Y,  STEP TREAD=X 
SAME AS CASE ONE BUT WITH DIFFERENT UNITS.  (WATTS, C H I  OEG G I  

ENERGY PER U N I T  T I M E  I N  I S  NEGATIVE AND ENERGY PER U N I T  TIME OUT 15 P O S I T I V E  

OF NUDE 1 

CONDUCTANCE 

TEMPERATURE 
I R  EMITTANCE 
ILUM 
0 COMP 

0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0-00000-38 
0-00000-38 
0.00000-38 

= 19.02 AREA = 0.10000 01 
= 0.9000 SOLAR EHITTANCE = 0.1800 
5 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR Q COMP Q COMP 
DIRECT SOLAR -0.13940 00 

0.00000-38 0.77630-02 -0.00000-38 0.12890 00 
0.00000-38 0.33010-02 0.16890-04 -0.00000-38 
0.00000-38 0.17900-02 0-13190-04 -0.00000-38 
0.00000-38 0.11350-02 0.10490-04 -0~00000-38 
0.29290 00 0.23750 00 0.34320-02 -0.13340-01 
0.89070-01 0.72270-01 0.16260-02 -0.29410-02 
0.36890-01 0.29950-01 0.83940-03 -0.87500-03 

DETAIL 

NOOE 

1 
2 
3 
4 
5 
6 

0.00000-38 0.00000-38 0.19590-01 0.15910-01 0.50610-03 -0.33620-03 0.17000-03 
9 0.00000-38 0.00000-38 0.12040-01 0.97840-02 0.33620-03 -0.15240-03 0.18380-03 
10 0.00000-38 0.00000-38 0.81300-02 0.66080-02 0.23860-03 -0.77770-04 0.16080-03 
11 0.00000-38 0.00000-38 0.58500-02 0-47560-02 0.17750-03 -0-43340-04 0.13420-03 
12 0.00000-38 0.00000-38 0.44100-02 0.35860-02 0.13690-03 -0.25880-04 0.11100-03 
13 0.00000-38 0-00000-38 0.53110 00 0.50560 00 0.20970-01 -0.00000-38 0.20970-01 

TOTALS 0.00000-38 0.10000 01 0.28300-01 -0.28300-01 0.23380-07 

DETAIL OF NODE 2 TEMPERATURE 
I R  EMITTANCE 
I L U U  

NODE CONDUCTANCE Q COMP 

1 0.00000-38 -0.00000-38 
2 0.00000-38 0.00000-38 
3 0.00000-38 0.00000-38 
4 0.00000-38 0.00000-38 
5 0.00000-38 0.00000-38 
6 0.00000-38 0.00000-38 
7 0.00000-38 0.00000-38 
8 0.00000-38 0.00000-38 
9 0.00000-38 0-00000-38 
10 0.00000-38 0.00000-38 
11 0.00000-38 0.00000-38 
12 0.00000-38 0-00000-38 
13 0.00000-38 0.00000-38 

TOTALS 0-00000-38 

DETAIL OF NODE 3 TEHPERATURE 
IR ERITTANCE 
I L U U  

NODE CONDUCTANCE Q COMP 

1 0.00000-38 -0.00000-38 
2 0.00000-38 -0.00000-38 

TO1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

'ALS 

DETAIL 

NODE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

TOTALS 

0.00000-38 

0.00000-38 
0.00000-38 

o.ooo~o-~~* 

0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

OF NODE 4 

CONDUCTANCE 

0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

Y 

TEMPERATURE 
IR EMITTANCE 
I L U H  

Q COHP 

-0.00000-38 
-0.00000-38 
-0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0-00000-38 

TOTAL 
-0.13940 00 
0.12890 00 
0.16890-04 
0.13790-04 
0.10490-04 
-0.99100-02 
-0.13160-02 
-0.35590-04 

= 9.56 AREA = 0.10000 01 
= 0.9000 SOLAR EWITTANCE I0.1800 
= 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR P COMP P COUP TOTAL 
OIRECT SOLAR -0.13940 00 -0.13940 00 

0.00000-38 0.33010-02 -0.16890-04 -0-00000-38 -0-16890-04 
0.00000-38 0.24960-02 -0-00000-38 0.12350 00 0.12350 00 
0.00000-38 0.18030-02 0.46650-05 -0.00000-38 0.46650-05 
0.00000-38 0.13330-02 0.54920-05 -0.00000-38 0.54920-05 
0.89070-01 0.72270-01 0.67470-03 -0.40570-02 -0.33830-02 
0.11470 00 0.93030-01 0.16170-02 -0.37900-02 -0.21730-02 
0.74540-01 0.60430-01 0.13840-02 -0.17680-02 -0.38380-03 
0.47120-01 0.38200-01 0-10190-02 -0.80860-03 0.21090-03 
0.31440-01 0.25490-01 0.74550-03 -0.39790-03 0.34760-03 
0.22180-01 0.17980-01 0.55740-03 -0.21220-03 0.34520-03 
0.16380-01 0.13280-01 0.42780-03 -0-12140-03 0.30640-03 
0.12540-01 0.10170-01 0.33630-03 -0.73600-04 0.26270-03 
0.59200 00 0.56020 00 0.20360-01 -0.00000-38 0.20360-01 
0.10000 01 0.27120-01 -0.21120-01 0.42460-07 

= 4.38 AREA = o.iooao 01 
= 0.9000 SOLAR EHITTANCE = o.18oa 
= 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR Q COMP a COMP 

o.oaooo-38 0.1803~-02 -0.46650-05 -o.ooooo-38 

OIRECT SOLAR -0.13940 00 
0.00000-38 0.17900-02 -0.13790-04 -0-00000-38 

...... 0.000Q0-3g 0.14910-02 -0.00000-38 0.12080 00 

0.36890-01 0.29960-01 0.20220-03 -0.16800-02 
0.74540-01 0.60430-01 0.89380-03 -0.24620-02 

o.oooo6:j8"d:ii4id~d~ " ~ . ~ ~ ~ ~ i ~ ~ ~ o " - ' a : : ~ d ~ ~ ~ l j ' a  

0.70020-01 0.56750-01 0.11530-02 -0-16610-02 
0.54610-01 0.44260-01 0.10670-02 -0.93710-03 
0.41040-01 0.33260-01 0.88680-03 -0.51940-03 
0.31070-01 0.25180-01 0.71530-03 -0.29720-03 
0.23990-01 0.19440-01 0.57590-03 -0.17770-03 
0.18940-01 0.15350-01 0-46790-03 -0.11120-03 
0.64890 00 0.60910 00 0.20560-01 -0.00000-38 
0.10000 01 0.26510-01 -0.26510-01 

= 1.17 AREA = 0.10000 01 
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.10000 01 THETA = 0.000000-38 

F ASCRIPTFTIR P GORP Q COUP 
DIRECT SOLAR -0.13940 00 

0.00000-38 0.11350-02 -0.10490-04 -0.00000-38 
0.00000-38 0.13330-02 -0.54920-05 -0.00000-38 
0.00000-38 0.11940-02 -0.18310-05 -0.00000-38 
0.00000-38 0.10080-02 -0.00000-38 0.11910 00 
0.19590-01 0.15920-01 0.83010-04 -0.89240-03 
0.47120-01 0.38210-01 0.50650-03 -0.15560-02 
0.54610-01 0.44260-01 0.83160-03 -0.12950-02 
0.50250-01 0-40720-01 0.91900-03 -0.86230-03 
0.42340-01 0.34310-01 0.86210-03 -0.53590-03 
0.34640-01 0.28070-01 0-75430-03 -0-33140-03 
0.28210-01 0.22860-01 0.64200-03 -0.20900-03 
0.23110-01 0.18730-01 0.54210-03 -0.13560-03 
0.70010 00 0.65230 00 0.21020-01 -0.00000-38 
0.10000 01 0.26140-01 -0.26140-01 

TOTAL 
-0.13940 00 
-0.13790-04 
-0.46650-05 

0.18310-05 
-0.14780-02 
-0.15680-02 
-0.50750-03 
0.12960-03 
0.36730-03 
0.41810-03 
0.39820-03 
0.35680-03 
0.20560-01 

. . ?...l.2.0.?? .9? 

0.589ro-07 

TOTAL 
-0.13940 00 
-0.10490-04 
-0.54920-05 
-0.18310-05 
0.11910 00 
-0.80940-03 
-0-10500-02 
-0.46370-03 
0.56670-04 
0.32620-03 
0.42290-03 
0.43300-03 
0.40650-03 
0.2102c-01 
0.72360-07 

3 9 



DETAIL  OF NOOE 5 TEMPERATURE = -10.67 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUM = 0.00000-38 THETA = 0.900000 02 

NODE CONDUCTANCE Q COHP F ASCRIPTFTIR a COMP Q COMP TOTAL 
1 0.00000-38 -0.00000-38 0.29290 00 0.23750 00 -0.34320-02 -0.37760-01 -0.41190-01 
2 0.00000-38 -0.00000-38 0-89070-01 0.72270-01 -0.67470-03 -0.11000-01 -0.11680-01 
3 0.00000-38 -0.00000-38 0.36890-01 0.29960-01 -0.20220-03 -0.44550-02 -0.46570-02 
4 0.00000-38 -0.00000-38 0.19590-01 0.15920-01 -0.83010-04 -0.23330-02 -0.24160-02 
5 0.00000-38 0.00000-38 0.00000-38 0.77420-02 -0.00000-38 0.45550-01 0.45550-01 
6 0.00000-38 0.00000-38 0.00000-38 0.32430-02 0.26080-04 -0.00000-38 0.26080-04 
7 0-00000-38 0.00000-38 0.00000-38 0.17120-02 0.23230-04 -0.00000-38 0.23230-04 
8 0.00000-38 0.00000-38 0.00000-38 0.10490-02 0-18210-04 -0.00000-38 0.18210-04 
9 0.00000-38 0.00000-38 0.00000-38 0.70350-03 0.14010-04 -0.00000-38 0.14010-04 
10 O+OOOOO-38 0.00000-38 0.00000-38 0.50160-03 0.10860-04 -0.00000-38 0.10860-04 
11 0.00000-38 0.00000-38 0.00000-38 0.37410-03 0.85560-05 -0.00000-38 0.85560-05 
12 0.00000-38 0.00000-38 0.00000-38 0.28890-03 0.68570-05 -0.00000-38 0.68570-05 
13 0.00000-38 0.00000-38 0.56160 00 0.52870 00 0.14280-01 -0.00000-38 0-14280-01 

TOTALS 0-00000-38 0.10000 01 0.99990-02 -0.10000-01 -0.12980-07 

DETAIL  OF NODE 6 TEUPERATURE = -32.89 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
I L U U  = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.89070-01 0.12270-01 -0-16260-02 -0.11480-01 -0.13110-01 
2 0.00000-38 -0.00000-38 0.11470 00 0.93030-01 -0.16170-02 -0.14180-01 -0.15790-01 
3 0-00000-38 -0-00000-38 0.74540-01 0.60430-01 -0.89380-03 -0.90020-02 -0.98960-02 
4 0-00000-38 -0.00000-38 0.47120-01 0.38210-01 -0.50650-03 -0.56120-02 -0-61190-02 
5 0.00000-38 -0.00000~~~~~0,00000-38 0.32430-02 -0.26080-04 -0.OOOOQ-38 -0 260qQ:Q4 
6 0.00000-~8' '6:46ddb-38 0.66~~O'd-'~B--'d:iii~:~~~~~.,~~66~:~i .'6:$i62026i "o'k5620-01 
7 0.00000-38 0.00000-38 0.00000-38 0.15920-02 0.88020-05 -0.00000-38 0.88020-05 
8 0.00000-38 0.00000-38 0.00000-38 0.11020-02 0-10260-04 -0.00000-38 0.10260-04 
9 o.ooooo-38 o.oooon-38 o.oooon-38 0.i89~1-m 0.936~0-n5 -~.OOOOO-~R 0-93680-05 

NODE CONDUCTANCE Q COUP F USCRIPTFTIR Q COUP Q c o w  TOTAL 

~~ ~~ . ~ ~ ~ . . .  .. ~~~~. .. .. ._ . . ..~ -~ - ~ . ~ . . ~  .. ~~~~ ~~ 

10 0.00000-38 0.00000-38 0.00000-38 0.58520-03 0.79670-05 -0.00000-38 0-79670-05 
11 0-00000-38 0.00000-38 0.00000-38 0.44740-03 0.66340-05 -0.00000-38 0.66340-05 
12 0.00000-38 0.00000-38 0.00000-38 0.35130-03 0.55120-05 -0.00000-38 0.55120-05 
13 o.ooooo-38 o.ooooo-38 0.67450 00 0.6~60 on 0.11~70-ni -o.ooooo-38 0.11870-01 ~~ o ~ o o o o o ~ 3 s  o*loooo ol .. ~ -~ ~ ~~~.~ ~~ ~~ ~ ~~ 

TOTALS 0.72490-02 -0.72490-02 -0.13370-07 

DETAIL  

NODE 
1 
2 
3 

9 
10 
11 
12 
13 

TOTALS 

OF NODE 7 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-58 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

TEMPERATURE 
1R EMITTANCE 
I L u n  

Q COUP 
-0-00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

= -52.73 
= 0.9000 
= 0.00000- 

F 
0.36890-01 
0.74540-01 
0.70020-01 
0.54610-01 
0.00000-38 
0.00000-38 
O.OCOO0-38 
0.00000-38 
O.OCOO0-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.76390 00 
0.10000 01 

AREA = 0.10000 01 
SOLAR EUITTANCE = 0.1800 

38 THETA = 0.900000 02 
ASCRIPTFTIR Q COUP Q COUP 
0.29950-01 -0.83940-03 -0.47560-02 
0.60430-01 -0.13840-02 -0.92090-02 
0.56750-01 -0-11530-02 -0.84560-02 
0.44260-01 -0.83160-03 -0.65040-02 
0.17120-02 -0.23230-04 -0.00000-38 
0.15920-02 -0.88020-05 -0.00000-38 
0.12000-02 -0.00000-38 0.23720-01 
0.87580-03 0-33100-05 -0.00000-38 
0.64640-03 0.40980-05 -0.00000-38 
0-48800-03 0.39460-05 -0.00000-38 
0.37750-03 0.35110-05 -0.00000-38 
0.29880-03 0.30360-05 -0.00000-38 
0.70140 00 0.94290-02 -0.00000-38 

0.52070-02 -0.52070-02 

TOTAL 
-0.55950-02 
-0.10590-01 
-0.96090-02 
-0.73360-02 
-0.23230-04 
-0.88020-05 
0.23720-01 . ~~ ~. .. 
0.33100-05 
0.40980-05 
0.39460-05 
0.35110-05 

0.94290-02 
-0.10950-07 

DETAIL  OF NODE 8 TEMPERATURE = -70.20 AREA = 0.10000 01 
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 ._  - 
ILUM = 0.00000-38 THETA = 0.900000 02 

NODE CONDUCTANCE a COUP F ASCRIPTFTIR Q COUP Q COUP TOTAL 
1 0.00000-38 -0.00000-38 0.19590-01 0.15910-01 -0.50610-03 -0.25260-02 -0-30320-02 
2 0.00000-38 -0.00000-38 0.47120-01 0.38200-01 -0.10190-02 -0.58210-02 -0.68410-02 
3 0.00000-38 -0.00000-38 0.54610-01 0.44260-01 -0.10670-02 -0.65950-02 -0.76620-02 
4 0.00000-38 -0.00000-38 0.50250-01 0.40720-01 -0.91900-03 -0.59850-02 -0.69040-02 
5 0.00000-38 -0.00000-38 0.00000-38 0.10490-02 -0.18210-04 -0.00000-38 -0.18210-04 
6 0.00000-38 -0.00000-38 0.00000-38 0.11020-02 -0.10260-04 -0.00000-38 -0.10260-04 
7 0.00000-38 -0.00000-38 0.00000-38 0.87580-03 -0.33100-05 -0.00000-38 -0.33100-05 
8 0.00000-38 0.00000-38 0.00000-38 0.65750-03 -0.00000-38 0.17160-01 0.17160-01 
9 0.00000-38 0.00000-38 0.00000-38 0.49330-03 0.12630-05 -0.00000-38 0.12630-05 
10 0-00000-38 0.00000-38 0.00000-38 0.37620-03 0.16200-05 -0.00000-38 0.16200-05 
11 0.00000-38 6.00000-38 0.00000-38 0.29290-03 0.16170-05 -0.00000-38 0-16170-05 
12 0.00000-38 0.00000-38 0.00000-38 0.23290-03 0.14860-05 -0.00000-38 0.14860-05 
13 0.00000-38 0.00000-38 0.82840 00 0.75580 00 0.73040-02 -0.00000-38 0.73040-02 

TOTALS 0.00000-38 0.10000 01 0.37670-02 -0.37670-02 -0.84160-08 

NODE 
1 
2 
3 
4 

10 
11 
12 
13 

TOTALS 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-3-% 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 .~ .~ 
0.00000-38 

= 0.9000 SOLAR EMlTTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

0.12040-01 0 -02 
F ASCRIPTFTlR 0 COHP 0 COUP 

DETAIL  OF NODE 9 TEMPERATURE = -85.25 AREA = 0.10000 01 
I R  EMITTANCE 
ILUM 

Q COXP 
-0.00000-38 
-0.00000-38 
-0-00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
G.OOd00-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

---- I."-.-. 

0-31440-01 0.25490-01 -0-74550-03 -0.38840-02 
0.41040-01 0.33260-01 -0.88680-03 -0.49560-02 
0.42340-01 0.34310-01 -0.86210-03 -0.50430-02 
0.00000-38 0.70350-03 -0.14010-04 -0.00000-38 
0-OCOOO-38 0.78930-03 -0.9368D-05 -0.00000-38 
0.00000-38 0.64640-03 -0-40980-05 -0.00000-38 
- 0 ~ ~ ? ~ 0 ~ . 0 . ~ 3 . 8 - ~ ~ ~ ~ ~ 3 ~ ~ 0 ~ 1 ~ 2 ~ 6 ~ ~ ~ ~ 5 ~ ~ ~ ~ 0 ~ 0 ~ ~  
0.00000-38 0.37370-03 -0.00000-38 0.12660-01 
0-OCOOO-38 0.28670-03 0.50040-06 -0.00000-38 
0.00000-38 0.22410-03 0.66300-06 -0.00000-38 
0.00000-38 0.17860-03 0.68270-06 -0.00000-38 
0.87310 00 0.79350 00 0-56360-02 -0.00000-38 
0.lCOOO 01 0.27780-02 -0.27780-02 

TOTAL 
-0.18880-02 
-0.46300-02 
-0.58430-02 
-0.59050-02 
-0.14010-04 
-0-93680-05 
-0.40980-05 -- -0.12s30-05 _---. 
0.12660-01 
0.50040-06 
0-66300-06 
0.68270-06 
0.56360-02 

-0-64120-08 



OETAlL OF NUDE 10 TEMPERATURE = -98.05 AREA = 0.10000 0 1  
I R  EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUM = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.81300-02 0.66080-02 -0.23860-03 -0.10480-02 -0.12870-02 
2 0.00000-38 -O+OOOOO-38 0.22180-01 0.17980-01 -0.55740-03 -0.27400-02 -0.32980-02 
3 0.00000-38 -0.00000-38 0.31070-01 0.25180-01 -0.71530-03 -0.37520-02 -0.44680-02 
4 0.00000-38 -0.00000-38 0.34640-01 0.28070-01 -0.75430-03 -0.41260-02 -0.48800-02 
5 0.00000-38 -0.00000-38 0.OCOOO-38 0.50160-03 -0.10860-04 -0.00000-38 -0.10860-04 
6 0.00000-38 -0.00000-38 0.00000-38 0.58520-03 -0.79670-05 -0.00000-38 -0.79670-05 
7 0.00000-38 -0.00000-38 0.OCOOO-38 0.48800-03 -0.39460-05 -0.00000-38 -0.39460-05 
8 0.00000-38 -0.00000-38 0.00000-38 0.37620-03 -0-16200-05 -0.00000-38 -0.16200-05 
9 0.00000-38 -0.00000-38 0.00000-38 0.28670-03 -0.50040-06 -0.00000-38 -0.50040-06 

1 0  0.00000-38 0.00000-38 0.00000-38 0.22070-03 -0.00000-38 0.95660-02 0.95660-02 
11 0.00000-38 0.00000-38 0.00000-38 0.17290-03 0.20990-06 -0.00000-38 0.20990-06 
12 0.00000-38 0.00000-38 0.00000-38 0.13800-03 0.28680-06 -0.00000-38 0.28680-06 
1 3  0.00000-38 0.00000-38 0.90400 00 0.81940 00 0.43900-02 -0.00000-38 0.43900-02 

TOTALS 0.00000-38 0.10000 01 0.21000-02 -0.21000-02 -0.49390-08 

NOOE CONDUCTANCE Q COHP F ASCRIPTFTIR Q COHP a COMP TOTAL 

OETAIL OF NOOE 11 TEMPERATURE = -108.96 AREA = 0.10000 0 1  
IR EMITTANCE = 0.9000 SOLAR EMITTANCE = 0.1800 
ILUH = 0.00000-38 THETA = 0.900000 02 

1 0.00000-38 -0.00000-38 0.58500-02 0.47560-02 -0.17750-03 -0.75420-03 -0-93170-03 
2 0.00000-38 -0.00000-38 0.16380-01 0.13280-01 -0.42780-03 -0.20240-02 -0.24510-02 
3 0.00000-38 -0.00000-38 0.23990-01 0.19440-01 -0.57590-03 -0.28970-02 -0.34730-02 
4 0.00000-38 -0.00000-38 0.28210-01 0.22860-01 -0.64200-03 -0.33600-02 -0.40020-02 
5 0.00000-38 -0.00000-38 0.00000-38 0.37410-03 -0-85560-05 -0.00000-38 -0.85560-05 
6 0.00000-38 -0.00000-38 0.00000-38 0.44740-03 -0.66340-05 -0-00000-38 -0.66340-05 
7 0.00000-38 -0.00000-38 0.00000-38 0.37750-03 -0.35110-05 -0.00000-38 -0.35110-05 
8 0.00000-38 -0.00000-38 0.00000-38 0.29290-03 -0.16170-05 -0.00000-38 -0.16170-05 
9 0.00000-38 -0.00000-38 0.00000-38 0.22410-03 -0.66300-06 -0.00000-38 -0.66300-06 

10 0.00000-38 -0.00000-38 0.OCOOD-38 0.17290-03 -0.20990-06 -0.00000-38 -0.20990-06 
11 0.00000-38 0.00000-38 0.00000-38 0.13570-03 -0.00000-38 0.74090-02 0.74090-02 
1 2  0.00000-38 0.00000-38 0.00000-38 0.10840-03 0.93650-07 -0.00000-38 0.93650-07 
1 3  0.00000-38 0.00000-38 0.92560 00 0.83750 00 0.34710-02 -0.00000-38 0.34710-02 

TOTALS 0.00000-38 0.10000 01 0.16260-02 -0.16260-02 -0.38710-08 

NOOE CONDUCTANCE Q COHP F ASCRIPTFTIR a c o w  a COHP TOTAL 

DETAIL 

NOOE 
1 
2 

1 0  
11 
12 
13 

TOTALS 

DETAIL 

TH I 
NODE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  

TOTALS 

OF NOOE 12 

CONDUCTANCE 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0-00000-38 
0.00000-38 
0.00000-38 
0.00000-38 
0.00000-38 

0-00000-38 
0.00000-~s' 

TEMPERATURE 
IR EMITTANCE 
ILUM 

0 CONP 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 
-0.00000-38 

0-00000-38 
0.00000-38 
0.00000-38 

V.-L_. -. .1.. 

= -118.29 AREA - 0.10000 0 1  
= 0.9000 SOLAR EMITTANCE = 0.1800 
= 0.00000-38 THETA = 0.900000 02 

0.44100-02 0.35860-02 -0.13690-03 -0.56860-03 
0.12540-01 0.10170-01 -0.33630-03 -0.15490-02 
0.18940-01 0.15350-01 -0.46790-03 -0.22870-02 
0.23110-01 0.18730-01 -0.54210-03 -0.27520-02 
0.00000-38 0.28890-03 -0.68570-05 -0.00000-38 
0.00000-38 0.35130-03 -0.55120-05 -0-00000-38 
0.00000-38 0.29880-03 -0.30360-05 -0.00000-38 
0.00000-38 0.23290-03 -0.14860-05 -0.00000-38 
o.ocnnn-38 0.17860-03 -0.68270-06 -n.ooooo-38 

F ASCRIPTFTIR a c o w  a COMP 

0-OCOOD-38 0.10840-03 -0.93$sO-q7. .-.O...QqQqQ:?? 

0.94100 00 0.85050 00 0.27900-02 -0.00000-38 
0.1c000 01 0.12880-02 -0.12880-02 

' b : b ~ b b 6 : ~ 8 " 6 : B b 6 A b : b i ' : ~ : b b o o o - , ~  0.58690-02 

OF NOOE 13 TEUPERATURE = -272.78 AREA = 0.89440 01 
I R  EMITTANCE = 1.0000 SOLAR EMITTANCE = 1.0000 
ILUH = 0.00000-38 THETA = 0.900000 02 

S IS A CONSTANT TEMPERATURE NODE 
CONDUCTANCE Q COUP F ASCRIPTFTIR a c o w  a COMP 

0.00000-38 -0.00000-38 0.59380-01 0.50560 00 -0.20970-01 -0.68480-01 
0.00000-38 -0.00000-38 0.66190-01 0.56020 00 -0.20360-01 -0.73130-01 
0.00000-38 -0.00000-38 0.72550-01 0.60910 00 -0.20560-01 -0.78370-01 
0.00000-38 -0.00000-38 0.78280-01 0.65230 00 -0.21020-01 -0.83390-01 
0.00000-38 -0.00000-38 0.62780-01 0.52870 00 -0.14280-01 -0.25580-01 
0.00000-38 -0.00000-38 0.75410-01 0.62560 00 -0.11870-01 -0.22280-01 
0.00000-38 -0.00000-38 0.85410-01 0.70140 00 -0-94290-02 -0.18120-01 
0.00000-38 -0.00000-38 0.92620-01 0.75580 00 -0-73040-02 -0.14220-01 
0-00000-38 -0.00000-38 0.97620-01 0.79350 00 -0.56360-02 -0.11050-01 
0.00000-38 -0.00000-38 0.10110 00 0.81940 00 -0.43900-02 -0.86480-02 
o.onnn0-38 -0.00000-38 0.10350 00 0.83750 00 -0.34710-02 -0.68570-02 
0.0oooO-38 -0.00000-38 0.10520 00 0.85050 00 -0.27900-02 -0.55230-02 
0.00000-38 0-00000-38 0-00000-38 0.70470 00 -0.00000-38 0.00000-38 

0.00000-38 0.10000 01 -0.14210 00 -0.41560 00 ........ .......... ~...~~...~-... ...... --....-...--. ......... *.-. 

TAS I r  NAV 6s 1969 VERSIONn JAH X2777, CASE NUM8ER 5 
TEllPERATURE OISTRIBUTION OF AN L-SHAPE STEP CAVITY 
STEP RISERIY. STEP TREAD=X 

EN0 OF PROBLEM 

TOTAL 
-0.70550-03 
-0.18850-02 
-0.27550-02 
-0.32950-02 
-0.68570-05 
-0.55120-05 
-0.30360-05 
-0.14860-05 
-0.68270-06 
-0.28680-06 

TOTAL 
-0.89440-01 
-0.93500-01 
-0.98930-01 
-0.10440 00 
-0.39860-01 
-0.34150-01 
-0.27550-01 
-0.21520-01 
-0.16690-01 
-0.13040-01 
-0- 10330-01 
-0.83120-02 

0.00000-38 
-0.55770 00 .... .. -.-- 

CONTROL CARD 
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$JOB JAH~5693000,52400-013813Z,PI I C  5,9000 TAS I HULTBERG 
BASS I GN SYSCI(1 
$ASSIGN SYSUT6 
BASSIGN SY5UT9 

C HAKE ILUM ZERO FOR THETA E W A L  TO OP. GREATER THAN 9 0  DEGREE; 
DO 1 0 5  I=l.P: 
I F  IDABS1THETA(Ill.GE.9L.DO~ ILUI*.(Il=i).DO 

1 0 5  CONTINUE 
C 

IIBJ& T A S  I GO~DLOGIC~MAP ,FI LES,SOURCE,ALT IO 
B I B F T C  l O b 3 d A  
c 
C JOHN A. HULTBERG 
C JET PROPULSION LABORATORY 
C 4 8 0 0  OAK GROVt DRIVE 
C PASADENA, CALIFORNIA 9 1 1 0 3  

REvilMO 1 4  
DO 1 ~ 7  I = l . N  
WRITE ( 1 4 1  (Bi lFFER(JI ,J= l ,NX31 

107 CONTINUE 
C 
C 

C 
I F  (PRINT( lUl .EQ.11 WRITE L6qNAME2I 

CALL CEDIT LNDIM,N,CARD,NCASE,ITITLs.NTITLE,  
1 P R I N T  I 11 I # 

1 6 0 H ( / 5 4 H  THE SYMMETRIC CONDUCTION MATRIX IS 

C PHONE ( 2 1 3 1  3 5 4 - 2 7 7 7  
C 
C LOGICAL TAPE U N I T  5 I S  USED FOR INPUT 
C LOGICAL TAPE U N I T  6 IS USED FCR OUTPUT 
C LOGICAL TAPE U h I T  3 I S  USED AS A SCRATCH TAPE 
C LOGICAL TAPE U N I T  9 1.5 OSED AS A SCRATCH TAPE 
C LOGICAL TAPE U N I T  1 3  I S  USED AS A SCRATCH TAPE 
C LOGICAL TAPE U h I T  14 I S  USED AS A SCRATCH TAPE 
C 

DOUaLE PRECISION F,FArC,AICAT,BMAT!SMAT,ESOL,P1*,ONET.OL,  
lALPHA,ILJn,TITF,THETAIL,CT,T~TART,ElR,~~,C~FFE~, 
~ T N O T S P , D E T I R ~ Q I R . O I R T ~ ~ I ~ T O T ~ B O L T Z , ~ E L T O L ~ A B S C V ~ . I ~ G ~ ~ ~ L I O C T ~ Q ~ O L I ~  
lSOLCON~OC~FT,DUMMY 

INTEGER dOCDCT,aDTICT 
INTEGER FAUSED 
INTEGER CARD 
COMMON F 
DIMENSION h IT ITLE ( 7 L i l u l  
DIMENSl0i.I F 1 8 u . 8 u l  
Dlf<ENSION F A  180~8UI 
DIMENSION C (80.801 
DIMENSION AMAT (80.8Ul 
DIMENS.ION BMAT (80,861 
DIMENSION SrlAT ( 8 u . 8 3 1  
EQUIVALENCE ( F, FA I 
EQUIVALENCE (FICI 
EQUIVALENCE (FvAMATI 
EQUIVALENCE lF,BMATl 
EQUIVALENCE (FISMATI 
DIMENSION ESOL (801 
DIMENSION P 180) 
DIMENSION A ( 8 0 1  
DIMENSION GNET ( 8 0 1  
DIMENSION QTOTAL180)  
DIMENSION ALPHA ( 8 3 1  
DIMENSION lLUM ( 8 0 )  
DIMENSION T ( 8 0 )  
DIMENSION I F  (80) 
DIMENSION THETA ( 8 t i I  
DIMENSION L I 8 0 1  
DlMEhSION CT (801 
DIMENSION TSTART(8Ul  
DIMENSION E l 8  (801 

c 

C 
CALL u R I T 1 4  INDIM.C.N~NXZ~NX3.1.BuFFERI 

CALL F E D I T  ( N D I M I N , A , C A R D I N C A S E , N T I T L E ,  

l P R I N T ( 1 2 1 ,  
1 6 0 H ( / 5 4 H  THE SYMMETRIC FA MATRIX I S  
1PRINT1131,  
1 6 0 H ( / 5 4 H  THE F MATRIX I S  

1 9  

I 1  
c 

C 
CALL WRIT14 (NDIMIF ,N~NXZ~NX~,Z ,BUFFERI  
SELECT THE PROPER TEMPERATURES 
no 170 T=I.N - - - - . . . 
I F  ICTIIl.GE.O.DO1 GO TO 1 1 6  
I F  l ~ C T ~ 1 ~ + 4 9 9 ~ D O I ~ G T ~ O ~ D O 1  GO TO 116 
I F  (NCASE.GT.11 GO TO 1 2 0  
I F  ITSTART(II.GT.O.DO1 GO TO 1 1 4  
I F  I ( T S T A R T ~ I I + ~ ~ ~ . D ~ I . G T . U . D S )  GO TO 114 
FLOW T TES A TEMPERATURE 
T F ( I I =  - 
60 T a  118 

1 1 2  

C NOT SPEC1 F I E D  

1 1 4  ; ; ( I ;= i iTART( l r  

116 T F ( I l = C T I I l  
1 1 8  T l I l = T F I I ) + A B S C V N  
1 2 0  CONTINGE 

GO TO 1 1 8  

C 
I F  ~ ~ P R I N T ~ 1 4 l + P X I N T ~ 1 5 ~ + P R I N T o + P R I N T ~ l 7 l  

1 + P R I N T ~ l 8 l + P R I N T ~ 1 9 ~ + P R l N T ( Z O ) l ~ N E ~ O l  
l C A L L  T I T L E  INCA'E,NTITLS.NTITLEl 

r 
I F  IPRINTL141.EQ.11 

l C A L L  VECPRT IND1M.P. rN, 
1 6 0 H L / 5 4 H  THE AREAS ARE 

C 
I F  (PRINTL15l.EQ.11 

l C A L L  VECPRT ( N D I M - E I R  .N. 
1 60H1/54H THE I R  EMITTANCE5 ARE 

r 

INTEGER 51  
DIMENSION 51  ( 2 4 0 1  
DIMENSION 52 (801 
D I M t N S l O N  e U F F E R ( 2 4 0 1  
EQUIVALENCE (BUFFERsS11 
DIMENSION CARD18Jl  

1 1  

I 1  

I F  (PRINT(161.EQ. l )  
l C A L L  VECPRT (NOIM,ESOL rN, 
1 6OH(/54H THE SOLAR EMITTANCES ARE I 1  

INTEGER PRINT 
DIMENSION PRINT (501 

r 
I F  (PRINT(171.EQ.11 

l C A L L  VECPRT (NDIM,ILJM r N n  
1 6 3 H 1 / 5 4 H  THE I L L J M I N A T I O N S  ARE I 1  

1 1  

NAMELIST / I N P U T / P ~ l r ~ O L T Z ~ S O L C O k r F A 1 C ~ A I E I R . E 5 0 L I I ~ C T ~ P ~ F ~ R  I F  (PRINT[ l8) .EQ.11 
lELTOL,TNOTSP,ABSCVNIT5TART,FAUSED.PRINT,DUMMY,NITER l C A L L  VECPRT (NDINBTHETA ,N, 

C 1 6 0 H ( / 5 4 H  THE ANGLEs THETA T O  THE 3-N ARE 
NAMELIST /NAME~/N,BOLTZISOLCON,RELTOL~ABSCVNINI IER 

c 
C 

NDIM=8U 
NEOBD=r) 

9 9  C A L L  E D I T A  (NEOBD,~DCDCT,CARDINTITL~,BDTICT,NCASE,NTITLEI 
C 
C SET I N I T I A L  VALUES 
C 

BOLTZ = .1714D-08 
SOLCON=442.D0 
R E L T O L = ~ O O ~ O l D O  
AaSCVh=460.Uv 
N I  TER=15 
TNOTSP=68.DO 
DO 1 0 1  I = l . N D I M  
ALIl=O.DO 
EIR( I )=O.DO 
ESOL(I,l=ti.DO 
P ( I I =V.DO 
I L U M l I I = l . D G  
THETA(I I=9C.O0 
L I I l = O . D O  
CTI IJ=-500.53 
TSTARTlI1=-500.D0 

101 QNETLl)=O.DJ 

DO 9 8  1=1,40 
9 8  P R I N T L I I = O  

C 
C 

REWIND 1 3  
READ (13, INPUT) 

I F  (PRINTI19l.EG.11 
I C A L L  VECPRT (NDIMICT ~ N I  
1 6 0 H t 1 5 4 H  1HE CONSTANT TEMPERATkRE NODE5 ARE I 1  

C 
I F  IPRINTLZOl.EQ.11 

l C A L L  VECPRT LNDIi i i rP tN. 
1 6 0 H L / 5 4 H  THE POhERb ARE I 1  

C COMPUTE THE EXCITATION VECTOR 
DO 1 9 9  I - l n N  

1 9 9  L~II=SOLCON~lLUMlIl*~l~DU-ESOLIIlI*DCO~Lu~u1745329D0xTHETAOl 
C 

CALL RADIOS ( i ~ S I M ~ F ~ N , E S O L . L ~ L , D E T I R , S l ~ ~ Z ,  NCASE,NTITLZ,NTITLE> 
l P R I N T ( Z l 1 r  
1 6 0 H ( / 5 4 H  THE EXCITATION VECTOR I S  I ,  

l P R I N T ( 2 2 1 r  
1 6 0 H ( / 5 4 H  THE SOLAR TRANSFER MATRIX BEFORE INVERSION IS I .  
l P R I N T ( 2 3 l r  
1 6 0 H ( / 5 4 H  THE SOLAR TRANSFER MATRIX AFTER INVERSION I S  1. 

T 



l P R I N T I 2 4 1 ,  
1 6CH1/54H THE RESPONSE VECTOR I S  

C 
C RESTORE THE F MATRIX 

CALL READ14 ( N D I M I F , N , N X ~ , N X ~ , ~ , B U F F ~ R ~  

C 

C 

C 

C 

C 

5 0 8  

4 9 9  
C 

500 

5 0 1  
C 

5C2 

5 0 3  
C 

C 

C 
C 

5 0 4  

C 
C 

5 0 5  

5 0 6  
C 
C 

5 1 0  

5 0 7  
C 

I 
1 

1 
I 
1 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 

I F  ( P R l N T ( 2 5 l . E Q . l l  
.C4LL VECPRT (NDIM,QIIET 9 3 ,  

. 6 0 H 1 1 5 4 H  THE SOLAR aNET VECTOR 15 

CALL SCRPTF (NDIM,F,II,ElR,A,BOLTZ, 
D E T I R , S ~ , S Z I N X ~ , N X ~ , ~ U F F E R ,  N C A ~ E ~ N T I T L J I N T I T L E I  

. P R I N T 1 2 6 1 ~  
6 0 H ( / 5 4 H  5TEP 1 OF THE X R I P T  F MATRIA IS 

P R I N T L Z l I r  
6 0 H l / 5 4 t i  STEP 2 OF THE 5 C R I P T  F MATRIX IS 

P R I N T L 2 8 ) r  

.PRINT1291 I 

. P R I N T L ~ U ) I  

. 6(jr1(/54H THE $.REA SCRIPT F MATRIX I S  

.PRINT I 3 1  1 I 

. 6 0 H ( / 5 4 H  TdE BOLT2 TIMES THE AREA X R I P T  F MATRIX la 

6 0 H ( / 5 4 H  STEP 3 OF THE SCRIPT F MATRIX I 5  

6 0 H ( / 5 4 H  THE SCRIPT F MATRIX 15 

CALL T I T L E  lNCASE,NTITLJ,NTITLEl  

DO 5C9 INDEX=l .NITER 
REWIND 1 4  

I F  (INDEX.EO.11 GO TO 4 9 9  
CALL DINVRT (NDIM,aklAT r N , A L P H A , l , O E T I R ~ ~ l ~ a 2 1  
DO 5 i 8  I-1.N 
T F ( I l = A L P H A ( I l - A 8 6 C ~ N  
T ( I ) = A L P H A ( l )  

I E N D - 1  
DO 501) 111.N 
DO 5 2 d  J=l,N 
SMAT( I ,J)=C.Dli 

DO 5 ~ 1  I = l , k  
ALPHALIl=P~Il-DAE~lilSETLIl~ 

D 3  5 6 3  I = l . i I  
I F  (CTLI i .LT.1-499.DUII  GO TO 5 0 3  
PO 5 0 2  J = l . N  

CCNTINUE 

DO 5 1 "  I = l . N  
READ ( 1 4 )  I ~ U F F E R l J I r J = l ~ I v X 3 1  
DO 5 u 4  J = l , N  
I F  (CT(l1.GT.(-499.DOll GO TO 5 u 4  
I F  (1.EQ.J) GO TO 5 0 4  
J 3 = ~ + k X 2  
A D i  TO DIAGONAL ELENEhT 
SMAT(lrlI~SMAT~I~lI-BUFFER~JI-BOLTZ*ELFFEROr4.D0~~T~II**3I 
ADD TO OFF OIAGONAL ELEi4ENT 
ADD TO P C l E R  TERiY 
SMAT ( I t J l =  BUFFERlJ l+BOLTZ*BUFFERIJ3 ) r4 .DO*~T~J~* *3 l  
A L P H A I I ~ = A L P H A ~ 1 1 - 3 0 L T Z * B U F F E R ~ J 3 ~ * 3 ~ D 0 * ~ ~ T ~ I 1 * * 4 1 - l T 1 J ~ * * 4 ~ 1  
CONT I W E  

COMPUTE AND PRINT UNBALLANCE 

~ T O T A L l I ~ ~ P l I ~ - D A d S L O N E T l I ~ I  
DO 5 0 6  J=l,N 
J 3 =  J + N X L  
I F  ~ ~ ~ P B S l B U F F E R ~ J l ~ + D A 8 S ~ B L I F F E R L J 3 l l ~ ~ G T ~ U ~ b ~ l  GO TO 5 0 5  
GO TO 5 0 6  
QC=BUFFER ( J I * ( ( T ( I I  l - ( T ( J I  1 )  
Q I R = B L I F F E R ~ J 3 l * ~ ~ T ~ I l * * 4 ~ - ~ T ~ J ~ * * 4 1 ~ * B O L T L  
aTOTALlIl=CITOTAL(Il+JC+OIR 
CONTlNJE 

IS THE R t b l D U E  I N  IOLEREXCE 
I F  lCT( I I . ( rT. ( -499.O011 GO TO 5 1 5  
I F  (DABS(~TCT4L(IllrGT.RELTOLI IEND.0 
CONTINUE 

CALL VECPRT LNUIMrZTr^TAL.P<i, 
I 6 0 H ( / 5 4 H  THE RESIOUES ARE 

CALL VECPi<T (?;DI:<,TF r N r  
1 6 0 H ( / 5 4 H  THE TEiKPERATJRE5 ARE 

C 
li IIEND.EO.11 G3 T O  3vir 

C 
5 0 9  CONTINUE 

8 9 b 0  FORMAT 1 / / / 3 u H  I T E k A T l O i i b  DID iuOT Ci i i lVEnGi  I 
W R I T t  (6 ,b?du)  

C 
i 

9 0 0 0  FOR?IAT i /  71H9 E i E i i Y  PER U N I T  T l H E  I N  I S  NEGATIVE AiiD ElUERGY PE 

01;o FORMAT ( / / /  1 6 H  D E T 4 I L  OF hCDE,I4,15H TElYPERATUiiE = , F 8 . 2 , 3 ) : ,  
1R J N I T  T I ' IE  CST I J  P O b I T I V E  1 

1 2 3 H  AREA 1.Dll.41 

l 2 O H  SCLAR Ehi1TTA;LCE =.F7.4) 

12Ci l  i - l i i d  =r3i;.51 

15y, .r C I . I T - . I I - -  92UO FORi4AT ( 211x1 .,' _ I > . 1  >/..1._ =,i7.i,4i;. 

9 3 0 0  FuRi lAT ( 23X, i:r: :bi; = r D l l . 4  , 
9 4 0 3  F3Ri.iCT ( 4;H Tkli :: A COiiST4NT TEMPERATURE NODE 1 
95CS FUCHAT ( 11L'r  NODE CONDUCTANCE Li CORP F A S C n l P T F  

1 T I R  UCGMP 3 C i k P  TGTAL 
) I  9 5 5 0  FORMAT (56X,lZHOIRECT SOLAR,2D12.41 

9 6 0 0  FORMAT ( 1 8 r 2 0 1 2 . 4 ~ D 1 2 ~ 4 , 4 D 1 2 . 4 1  
9 7 0 0  FORMAT ( 8 H  P0kER172X1D12.41 

1. 

1. 

I .  

1 .  R E d l h D  1 4  

1. 03 3 C 6  I = l , N  

1 1  WRITE ( 6 . 9 2 ~ 0 1  E I R ( I I r E S O L ( I 1  

9800 FCRMAT I 8 H  T O T A L S ~ l 2 X ~ 2 O l Z . 4 , 1 2 X , D 1 2 . 4 ~  

3 L 2  CALL T I T L E  INCASE, iuTITLbrNTITLEl  

* R I T E  1 6 , 9 b i i )  

WRITE 16,91001 I r T F ( I l , A ( I l  

WRITE 16,930L'I I L U M ( I I I T H E T A ( ! I  
I F  ICT(II.GT.-499.DOI WRITE ( 6 , 9 4 0 0 1  
WRITE (6.95001 

FTrti.DO 
QCT=L.D~ 

/ I  

2D12.41 

. .  
QIRT=u .DO 
05OLT = - A ~ ~ I * S ~ L C D N * I L U M ~ I I * U C O ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D O * T H E T A I I ~ ~  
Q T O T A L I I I = l j S O L T  
I F  (DABS(GSOLTl.GT.O.Du1 WRITE 16,955Ul  QSOLTrQhOLT 
READ ( 1 4 1  l B U F F E R ( J ) r J = l i N X 3 1  
DO 3 2 4  J = l , h  
JZ=J+k 
J3=J+NXZ 
OC = B U F F k R L J I * ( L T L I I  I - ( T ( J )  1 1  
Q I R = B U F F E R ~ J 3 l * ~ ~ T ~ I l * * 4 l - ~ T ~ J l * * 4 1 ~ * E O L T Z  
I F  1I.EQ.J) 0S0L=ll.DO-BUFFER~JZlI*A\(I~*L~Jl 
I F  (1.NE.J) QSOL=-BVFFER(J2l*AII~*L(JI 
JCT=PCT+CC 
FT=FT+BUFFERlJZl  
QIRT=QIRT+QIR 
OSOLT=QSOLT+QSOL 
QNTOT= QC+OIR+QSOL 
QTOTAL(Il=QTOTAL(ll+QNTOT 
I F  l~DABSlBUFFER~Jl~+DABSlQCl+DAB5~9UFFERlJ2lI+OABS~BUFFERlJ3~l 

1+DAaS~OIii~+OABS~QSOLI+DABSlQ~~TOT~~.GT.O.ODO~ 
l W R I T E  ( 6 , 9 6 u 0 )  J . B J F F E R I J I , Q C , U U F F E R ( J Z I ~ B U F F E R L J 3 I ~ ~ I R , L \ S O L , ~ N T U T  

3 0 4  CONTINUE 
I F  1DABSLP(11I.GT.O.DOI WRITE (6.97001 P L 1 1  
QTOTAL(II=QTOTALlIl+P(~I 

3 0 5  Y R I T E  ( 6 9 9 8 d C I  QCTIFT,QIRTIQEOLTIQTOTAL~I~ 
3 0 6  CONTINUE 

GO TO 9 9  
END 

1 )  

BIBFTC 1OOCbB 
SUBROUTINE T I T L E  ( N C A S E . N T I T L S ~ N T I T L E l  
DIMENSIOili N T I T L E  ( 7 2 , 1 0 1  

1 0 0 0  FOR.VIAT l 5 7 H 1  TAS I +  MAY 6 r  1 9 6 9  VERSION, JAH X2777.  CASE NUMBE 

1 0 0 1  FORMAT 172A11 
1R ,121 

i rRITE ( 6 r 1 2 0 0 1  NCASE 
I F  INTITLS.F!E.Ol WRITE I 6 , l O C l l  ~ l N T I T L E ~ I ~ J ~ ~ I = 1 ~ 7 2 I ~ J = l r N T I T L S l  
RETURN 
EN0 

SUBROtiTINE CEOIT I N D I i ~ ~ N ~ C A R D ~ N C A 5 E ~ ~ T l T L S ~ i I T l T L E ~ P R T l ~ F ~ ~ l T l ~  
DOUBLE PRECISION CrDUi*ij4Y 
INTEGER CARO,ALPtiAA,ALPHAB,ALPHAC 

e I B F T C  l U O l j v C  

COMMON C 
DIMENSION N T I T L E  (72.161 
DIMENbION F l 4 T l l 2 4 1  
INTEGER P R T l  
DIMENSION C180,80) 
DIMENSION CAROl8Ol  

C 

D!YE%lOh A-PnAALZI 
3IME*iSIOU A - P n A B t l I  
DIYEAS13\  A-FnACIGI 
DATA A J m A A / l H C . l n T /  . .  
DATA ALPHAB/ lHC/  
DATA ALPHAC/ lHS, lHEvlHN, lHD/  
NAMELIST /INPUT/C,DUMMY 

REWIND 3 
R E d I N D  1 3  

1 1  R E k I h D  14 

C WRITE BINPUT ON SCRATCH TAPE 3 
1001 FORMAT ( 2 0 H  BINPUT OUMMY=~.DOI,~OXI 

WRITE ( 3 r l v i r l I  
C 
C READ A CARD IMAGE FRJcY T H t  liLPUT SCRATCH TAPE 

1 0 0 2  FORMAT L8L 'A l I  
1 READ ( 1 3 , 1 0 3 2 1  CARD 

r 

5 

C TEST FOR CT 



C 
C 

C 
C 

C 
C 
C 
C 

C 

C 

C 

CALL MATCH ICARD,ALPHAA.ZrI,JI 
GO TO ( 5 ~ 2 1 , J  

5 GO TO 1 

TEbT FUR C 

u5 TO 1 6 r 3 1 , J  

GO TO 1 

TEbT FOR BEND 

GO TO 1 7 r l 1 , J  

2 CALL MATCH I C ? R D ~ A L P H A ~ , l , I r J l  

6 \ \R ITE 1 3 r l i i u 2 1  CARD 

3 CALL MATCH (CARD,ALPHAC,4,IrJl 

7 LURITE L 3 v l d i v 2 1  CARD 

FLOW TO T h l S  POliLT INDICATES ALL CARD IMAGES HAVE eEEN PROCEaatD 

ZERO THE C MATRIX 
DO 4 I = l , N  
30 4 J = l r N  

4 C(I,Jl=O.DG 

REWIND 3 
READ ( 3 r l N P U T l  

CALL MATPUS IWIMIC t W 1  
CALL MATSYK 1NDIM.C r N 1  
P R I N T  C MATRIX I F  REQUESTED 
I F  (PRTl.tO.11 CALL MATPRT ( k D I M  ,C,N,NCAat ,tYTITLa,NT 1 T L t r F i 4 l l  I 
RETLlRN 
F *I n 

L =  1 
J = 1  

C 

C 

C 
C 
C 

J = J + 1  
1 C O N T I W E  

2 L = 2  
RETURN 
END 

SUBROUTINE E D I T A  ~NEDBD~BDCDCTICARDINTITLS~BDTICT,NCASE,NCASE~NTITLEI 
INTEGER BDCDCTIBDTICT 
INTEGER CARD9ALPHA 
DIMENSION N T I T L E  ( 7 2 , 1 0 1  
DIMENSION CARD(BO1 
DIMENSION ALPHA 1 3 5 )  
DIMENSION NA+lEA(14I  
DIMENSION NAMEB(9 1 
DIMENSION NAMEC(12I  
DIMENSIGN NAMEG(6 I 

C FLOd TO T H I S  P v l r i T  I h D I C A T E 5  AN U N S W C E S F > L  C ~ L L J ~ M ; ~  #ATCH 

B I B F T C  lOOODE 

1/ 
DATA N A M E E / 1 H E ~ 1 H 4 ~ 1 H D ~ I H O ~ 1 H F ~ l H C ~ l H A ~ l H S ~ l H E /  
DATA ~ A M E C / 1 H E ~ 1 H N ~ I H 5 ~ 1 H O ~ ~ H F ~ ~ H P ~ 1 H R ~ l H O ~ 1 H B ~ ~ H L ~ ~ H E ~ l H M /  
DATA NAMEE/lHC/ 
DATA NAYEF/ lHT/  
DATA NAMEG/IHB~1HIrlHN,1HP,1HU,lHT/ 
REWIND THE INPUT SCRATCH TAPE C 

C IS T H I S  A NEW PROBLEM 
C I F  INEDBDI E W A L S  ZE?O I T  15 A NEW PROBLEM 

C !F T r i l S  IS A CASE SPACE OUT THE SCRATCH I N P d T  TAPE 

1 REWIND 1 3  

I F  (NEOBD.EQ.01 GO TO 9 

1000 FORMAT ( 8 0 A 1 1  
DO 8 I=l,BDCDCT 

NTITLS=BDTICT 

6 NCASEcNCASE+I 

8 READ 1 1 3 r 1 0 0 0 1  CARD 

C INCREASE T'iE CASE NUMdER BY ONE 

CALL T I  T L  E INCASE ,E'TI T L S v N T I T L E I  
GO TO 10 

9 NCASEcC 
N T I T L S - 0  
BDCOCT=1 
BDTICT.0 

C # R I T E  BINPUT ON THE INPUT SCRATCH TAPE 
1002 FOPMAT IZDH BINPVT D'JMPYY.I.D~lr82XX) 

WRITE ( 1 3 ~ i n n z )  
CALL ' T I T L E  lNCASEINTITLS*NTITLEl  

C 

10 
C 
C 

C 
1 0 0 3  

51 
C 

c 
c 

onn 

1004 
200 

C 
C 

C 
c 

9 1 0  

3 0 0  
1005 

C 

C 

C 

C 

3 1 0  

c 
C 

4.00 

C 
1006 

5 1  
C 
C 

C 
C 

410 

C 

C 
52 

1007 

C 
C 

4 2 0  

C 

C 
5 3  

C 
C 

C 

C 

4 2 5  

110 
C 
C 
C 

C 
C 

C 
C 

C 
120 

REID AN INPUT CARE FROM THE INPUT TAPE 

READ (5,1COOI CARD 

TEST FOR BlNPUT 
CALL MATCHI~A\RD,NAMEG:SI I ,J I  
GO TO 1 5 C i 9 Q O l r J  
FLOW TO T H I S  POINT I Y D I C A T f S  
FOPMAT I 1 H  r8CA1,ZOH DATA C/ 
WRITE l6:10031 CARD 
PLANK THE BINPUT 
CARD( I I =Pl.PHA 1 7 7  1 
CP'?r) l l -11=ALPHA1Z7! 
CbSDlT-7 l=ALPHA1?71 
CARD(r-31=ALPHA(27)  
C A R D l I - 4 l = A L P H A l 2 7 1  
C bP D ! 1 - 5  1 = AI- PH A  ! 7 7 1 

I NPU T CARD 

T C S T  cna r 
?F lCARDlII.NE.NAMEE1 GD TO 91C 
FLOui TO T H I S  POINT IP!C:C'\TES A COMMENT CARD 
FORMAT I I H  rPOAI12DH COMMENT CARD I 
!E?ITE 1 6 ~ 1 0 0 4 1  CARD 
GO TO 1 0  

TEST FOR 1 
l;~lCARDI1!.NE.NAMEFl GO 10 4UC 
FLOW TO T H I S  POINT INDICATES A T I T L E  CARD 
I F  THE T I T L E  ARRAY 15 FULL, PRINT THE T I T L E  CAR0 AS A COMMENT CARD 
I F  INTITLS.EG.1OIGO TO 2 0 0  
FORMAT ( 1 H  ,80AI,20H T I T L E  CARD 1 
WRITE 1 6 r 1 0 0 5 1  CARD 
INCREASE THE BASIC DATA T I T L E  CCUNTSR BY ONE 
I F  1NEOBD~EQ.OI B D T I C T = B @ T I C T + l  
INCREASE THE T I T L E  COUNTER I N T I T L S I  CY ONE 
N T I T L S = N T I T L S + l  
BLANK THE F I R S T  CHAsACTER FOR LATER PRINTOCT 
CARD(OI l=ALPHA1271 
L 0 4 D  I N T 3  THE T I T L E  ARRAY I N T I T L E I  
DO 3 l u  I = 1 , 7 2  
N T I T L E l I , N T ! T L S l =  CARD111 
GO TC 1C 

IS T H I S  AN END OF B A S I C  DATA CARD 
CALL i " A T C H ( C A R D , N A P E A ~ l 4 , I , J l  
GO TC ( 5 1 r 4 1 C ) . J  
WRITE I T  ON TL(E OUTPUT TAPE 
F F M A T  11H rBOA192OH CONTROL CARD 
WRITE 16,10361 CARD 
SET NEOBD NOT EOUAL TU ZERO TO SHD*l 
CARD HAS BEEh READ 
NEOBD.1 
GO TO 6 

THAT AN 

I 

END OF B A S I C  DATA 

WRITE 16,10061 CARD 
$ R I T E  THE DUMMY CARD IMAGE ON THC INPbT CCRATCII TAPE 
FDR#AT ( 5 H  BEND.75XI 
d R I T E  1 1 3 ~ 1 1 3 2 7 1  
RETURN 

IS T H I S  Air EiiD 27 PROBLEIM CARD 
CALL !~,ATCH(CARD,PIAHECI1Z, I  Jl 
GO TO 1 5 3 r 4 2 5 l r J  
WRITE I T  ON THE OUTPUT TAPE 
# R I T E  16,13961 CARD 
$ R I T E  THE DLMMY CARD IMAGE ON THE INPUT SCRATCH TAPE 
WRITE 1 1 3 r l ~ G 7 1  
I F  1NEOBD.EQ.ilI RETURN 
NEDBD=C 

# R I T E  16,13961 CARD 
$ R I T E  THE DLMMY CARD IMAGE ON THE INPUT SCRATCH TAPE 
WRITE 1 1 3 r l ~ G 7 1  
I F  1NEOBD.EQ.ilI RETURN 
NEDBD=C 
GO TO 1 

TEST FOR BLANK 
I F  I C A R D ( l l . N E . A L P H A I 2 7 I l  GO TO 430 
FLOW TO T H I S  POINT INDICATES A DATA CARD 
WRITE 16,10031 CARD 
BLANK I DENT 1 F I CAT I DN 
DO 110 1=72,80 
C A R D l I I = A L P H A ( 2 7 1  

SEARCH FOR THE LAST ChARACTER STARTING I N  COL 7 2  
DO 122 J = l r 7 2  

REVERSE THE INDEX 
I = 7 3 - J  

TEST FCR BLANK, FLOW T O  NEXT COLUMN IF PRESENT 
I F  l C A R D l l ) . N C ~ A L P H A l 2 7 I l  GD TO 120 
GO TO 122 

TEST FOR COMMA 
I F  (CAROII l .NE.ALPHA(3011 GO TO 1 2 1  

2- I 5 



G O  TO 1 2 4  
C 
C TEST F3R DOLLAR SIGU, REPLACE WITH A COIMMA I F  PQESENT 

1 2 1  I F  (CARDL:I.NE.ALPHA13511 C.0 TO 1 2 3  
C A R D ( I l = A L P H A ( 3 C I  
GO TO 1 2 4  

C 
1 2 2  CONTINUE 

c FLOVJ T O  THIS PCINT INDICATES P HLaNI; C A R C  
GO TO 1 2 4  

C FLOC TO T H I S  POINT INOICATCS A COMMA IS NOT PRESENT, IHSFRT ONE 

r 
1 2 3  C A R D ( I + l I = A L P H A ( 3 S I  

l O U l  FORMAT ( 1 H  38' 
4 3 0  H R I T E  ( 

C d R I T t  T 
H R I T E  I L - ? . L ~ . J I I  
RETURP: 
EN0 

B I B F T C  l(1OOL.F 

SUBROUTINE RADIOS ( N D I ~ ~ ~ F I N , E I X , R I D E T E R M , S Z .  

DOUBLE PRECISION FIX,RIS~.E,DETERM 
DIMENSION F(S0,SCI  
DIMENSION X ( 8 G l  
D I M E M I O N  R ( S 0 1  
INTEGER 51 
DIMENSION 51 ( 2 4 0 1  
DIMENSION 52 (831 
DIMENSION E ( 8 0 1  
DIMENS!ON N T I T L E  ( 7 2 1 1 0 1  
DIMENSION F!.IT11.241 
DIMENSION FMT21241 
DlMENSION F M T 3 ( 2 4 1  
DIMENSION Fi"T4124I 
INTEGER PRTl ,PRT2rPRT3rPRT4 

I N C A S E ~ N T I T L S , N T I T L E l P R T l , F M T l , P R T Z  ,FMT2rPRT3,Fi'iT3,PRT4,FMT4] 

C 
C 
C PRINT THE E X C I T A T I O N  VECTOR I F  REQUESTED 

I F  IPRT1.EQ.S) (13 TO 1 
CALL T I T L E  l N C A S E , N T I T L S r N T I T L E l  
CALL VECPRT (NDIMI,XIN,FMT~I 

1 DO 4 I = l , N  
DO 3 J=l ,N 

3 F I I ~ J I = - ~ ~ . D O - E ~ I I I * F ~ I I J ~  
4 F I I ~ I I - l . D O + F ( I , I l  

C 
C PRINT THE TRANSFER AATRIX BEFORE I N V E R S I 3 N  I F  REQUESTED 

C 
I F  IPRT2.EQ.11 CALL MATPRT I N D I ~ ~ ~ F , N ~ N C A ~ E I N T I T L S , N T I T L E , F M T Z ~  

DO 6 I= l ,N 
6 R I I l = X ( I l  

C 

C 
C PRINT THE TRANSFER MATRIX AFTER IHVERSION I F  REQUESTED 

C 

CALL DINVRT ( N D I M ~ F ~ N I R I ~ , D E T E R M , S ~ , S ~ I  

I F  (PRT3.EQ.11 CALL MATPRT ( N D I M ~ F ~ N , N C A S E I N T I T L S ~ N T I T L E , F M T ~ ~  

C PRINT THE RESPONSE VECIOR I F  REQUESTED 
I F  (PRT4.EQ. 0 1  RETURN 
CALL T I T L E  (14CASE,NTITLS,NTITLEI 
CALL VECPRT I N D I ~ * ~ R I N , F M T ~ I  

C 
RETURN 
END 

SU,BROUT!NE MATSYM (NDIIM,F,NI 
D3UBLE PRECISIOF! F 
DIMENSION F ( N D I l 4 r N D I K l  

B I B F T C  10OOCG 

9001 FORMAT (15HSMATRIX ELE;UENT113,1~,,13,19n ARC MATRIX E L E M E N T I I ~ ~ I H ,  
1 ,13r lZHBOTH DEFINE01 

DO 6 I = l , N  
DC 6 J = l , N  
I F  (J.LE.11 GO TO 6 
I F  l D A S S ~ F ~ ~ , J l l . G T 1 3 . 3 3 1  GC TO 1 
SO TO 5 

1 I F  (CAOS(F(J.II l.GT.O.Di1 GC T 3  2 
GO TO. 3 

2 WRITE ~ 6 r 9 0 0 1 1 1 , J ~ J ~ I  
3 F ( J , I I = F l I r J l  

GO TO 6 

5 F 1 I , J l = F I J , I l  
6 CONTINUE 

RET1JRN 
EN3 

S B R O U T  I N E KAT PO5 ( ND I M, P, > N I 
B I d F T C  10CC;H 

DOJdii Pi l tC iS1" l r  A 
DIMENS I OK A (  hDI6 r EID 1 K 

9 0 0 1  FORMAT ( 1 5 H d M A T a I n  EL T,13,lh,sI3.3?H :i NEGATIVL, I T  riA2 6:EEN 
lNADE P O S I T I V E 1  

DO 1 I-1.N 
2 C  1 J=l.N 
I F  ~ 1 A ~ I r J l l ~ G C ~ ~ U ~ D u l l  GO TO 1 
W R I T E  ( 6 , 3 u ; l l I , J  
A ( I r J l = D A i S I A L l , J I l  

1 C3EITliUUE 
HETuKlv 
EluG 

SUbROUTINE SCRPTF ( N l j I i . l r F , N , E , A , ~ O L T Z , O E T ~ R ~ , ~ l ~ ~ ~ ~ ~ X ~ , N ~ 3 ~ ~ ~ F F E ~ ,  
S I b F T C  10CJ~r;I 

1 NCA~ErNTITLSrNTlTLE,PRTI,F~'iTlrPRT2,Fi4T2rPHT3rFiliT3rPhT4,FMi4, 
~ P R T ~ , F I ' I T ~ . P R T ~ , F M T ~ I  

DOUBLE P R t C I S I O N  F rC r A  IZOLTLIDETER;,,~ a2 3 SdFFER 
DIMENSION N T I T L E  L 7 2 . 1 ~ 1  
D I h t h S 1 C N  F l  nu,801 
DIi . i iNa10h E ( 8 0 1  
DIMENSION C ( 8 " ;  
IlVTEGER 51 
D I M E I ~ S I O K  51 ( 2 4 0 1  
DlP!tNCIGN 5;: ( 8 u l  
SI.Y'IENSIL;i'l i u F F E R  ( 2 4 ~ 1  
~ 1 R c N ~ I J l i  F h T l ( 2 4 1  

.CIMUNSIa> FI4TZ 241 
DIMENSION F K T 3 ( 2 4 1  
DIMEKSION F H T 4 ( 2 & 1  
DIMENSION F W T 5 ( 2 4 1  
D I  IMEEIS ION FMT6 ( 2 4  I 
INTEGER P R T ~ , P R T ~ , P R T ~ S P R T ~ , P R T ~ , P R T ~  

ou 2 1=1,ii 
DO 1 J=l,h 

C 

1 F ~ I ~ J l ~ - ~ 1 ~ D L - E ~ I l l * F ~ I ~ J l  
2 F ( 1 r I l = 1 . 3 0 + F I I , I l  

C P R I N T  THE MATH'IX dEFOKE INVERSION I F  R E d b E b i L D  

C 

C 

I F  LPRTl.ET.11 CALL KATPkT ~ i ~ C l l i ~ F ~ l ~ ~ k C A b E ~ I U T I T L S ~ ~ T ~ T L E ~ F ~ ~ ~ T l 1  

3 CALL DINVRT IIIDI:~rF,~.tru,DtiER~,,Sl,=~I 

I F  (PRT2.EQ.11 CALL MATPRT ( N D I M ~ F , N , N C A ~ E I N T I T L ~ , N T I T L E I F I I I Z )  

C 
C THE F MATRIX I> i T i R E D  BY ROha 3 N  TAPE 1 4  

R E h l h D  1 4  
R E n l i i 3  9 

5 DO 6 I.1.N 
C 

C READ A ROrJ OF THE F MATRIX FROM SCRATCH TAPE 14 
READ ( 1 4 1  (EUFFER[JI ,J= l ,NX31 

c 

C PERFOhEi THE ELEMENT %M AEIlj h R l T E  I T  d Y  RUi'dC UI\I TAPL 5 
DO 7 J = l r N  
SZ(JI=U.DU 
DO 7 K = l r N  
K Z = K + K  
S 2 ( J l = ~ Z ( J I + B ; I F F E R ( K 2 l * F ~ K , J l  

7 C O N T I W E  
H R I T E  ( 9 1  ( 5 2 1 J I ~ J = l , N I  

8 CONTINUE 
REvilND 9 
DO 1Ob 1.1.N 
READ 1 9 1  ( S Z ( J I , J = l , N l  
DO 1 0 0  J = l r k  
F (  I , J l = S Z L J  I 

1 0 0  CONTINUE 
C 
C 

C 
I F  (PRT3. EQ.1 I CALL MATPRT IN0II" i  r F  r N  sNCASE ,NTI T L S r N T I  TLE 9FMT3 I 

1 0  DO 11 I = l r N  
DO 11 J = l . N  

11 F I I ~ J l = E ~ l I * E ~ J l * F ~ I ~ J l  
C 

C 
I F  (PRT4.EQ.l) CALL KATPRT ~NDIM,F,N,NCAbE,NTlTLb~NTITLE,FMT41 

13 DO 1 4  I = I , N  
DO 1 4  J=l ,N 

14 F ( I ~ J ~ = A ( I I * F ( I I J I  
C 

I F  (PRT5.tO.11 CALL mATPRT I ~ D I M I F I E I ~ N C A S E ~ N T I T L S , N T I T L E ~ F ~ ! T ~ ~  
c 

CALL WRIT14 ( N D I M ~ F , E I , N X Z I N X ~ ~ ~ , ~ U F F E R I  
i 

16 DO 1 7  I = l , N  
DO 1 7  J = l , N  

1 7  F I I ~ J I - B O L T Z * F ( I I J )  
I F  lPRT6.EQ.11 CALL MATPRT ( ~ D I M I F I N ~ N C A S E ~ N T I T L S ~ N T I ~ L E ~ F M T ~ I  
RETURN 
END 

SUBROLTINE F E D I T  (NDIM,N~A*CARD*NCASE,NTITLS~NTITLE, 

INTEGER ALPHAA>ALPHAB,ALPHACIALPHADIC*RD 
DOUBLE PRECISION FsFAIAIDUMMY - D I  klEN5 I ON A (  8U I 

B I B F T C  1 G O O u J  

lPRTl,FMTl,PRT2,FMT21 



CO..wlCh F 
DINENSIOA F 1 8 0 ~ 8 ~ )  

EQUIVALENCE I F , F A l  
INTEGER FAUSED 
DIMENSION N T I T L E  (72.1") 
DIMkNSION F M T l ( 2 4 )  
DIMENSION F M T Z ( 2 4 )  
I N T E G t R  PRTlsPRT2 
JIME1\1SlOh ALPHAAI i I 
2 I M k N S l O h  A L P H A b l l )  
DIMENSION ALPHAC(61 
DIYENSION ALPHADL41 
DATA ALPHAA/lHF,lHA/ 
DATA ALPHAB/ lHF/  
DATA ALPhAC/lHF,lHA~lHU,lHS,lHt,lHD/ 

DIXEMION F& iai.,8'.1 

DATA ALPHAD/lHB r l H E  I l H h .  l r l D /  
DIMENSION CARD( bul  

NAMELIbT /INPUT/F,FA,FAJSED,UuMMY 

REMIND 3 
REWIND 1 3  
REWIND 14 

C 

C 

C 
C WRITE BINPUT ON SCRATCh TAPE 3 
1 O U l  FORMAT (ZCH BINPUT OuMMY=1.00~,8OXl 

WRITE ( 3 , l u v l l  

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 

C 

C 
C 

C 
C 

c 
C READ A CARD IMAGE FROM THE INPUT SCRATCH TAP? 

1 0 0 2  FORMAT ( 8 0 A 1 )  
1 READ L13,1;021 CARD 

TEST FOR FA 
C A L L  iriATCH LCARD,ALPHAA.Z P i ,J I 
GO TO (10,2),J 

1 0  WRITE 13,10021 CARD 

TEST FOR F 

GO TO I l l r 3 1 , J  
2 CALL MATCH ( C A R O I A L P H A E , ~ ~ I P J I  

11 WRITE (3.1002)  CARD 

TEST FOR FAUSED 

GO TO 112,4l,J 
3 CALL MATCH (CARDvALPHAC,6,I,JI 

12 WRITE 1 3 ~ 1 J O 2 1  CARD 

TEST FOR BEND 

GO TO ( 1 3 > 1 l t J  
4 C A L L  MATCH I C A R D I A L P H A D ~ ~ ~ I ~ J )  

1 3  WRITE (3, lCOZ) CARD 

FLOW TO T H I S  POINT I N O I C A T t S  A L L  CAR0 IMAGES HAVE BEEN PROCESSED 

FAUSED=O 
ZERO THE F MATRIX 
00 5 I = l r h  
30 5 JS1.N 

5 F ( I r J ) = O . U O  

R E W I k 3  3 
REAU ( 3  3 INPUT I 

I F  (FAUSED.tQ.11 GO T u  7 
C A L L  MATPJS ( , t D l M r F  , k )  
DO 6 I = l , N  
DO 6 J=l,N 

6 F A ( I I J ) = A I I I * F ( I I J )  
7 CALL NATPuS (N3IMsFA,NI  

CALL MATSYM INDIMIFAIN) 

P R I N T  F A  MATRIX I F  REQbESTED 
I F  (PRTl.EQ.11 CALL NATPRT (NDIMrFA,N ,NCASE~NTITLS,NTITLE,F~ IT l l  

CONVERT FA MATRIX T O  F MATRIX 
DO 14 I = l r N  

I F  IDAbS(AI I l l .GT.b.DU) GO T d  b 
GO TO 14 

8 DO 9 J = l r N  
9 F ( I , J I =  F A ( I I J I / A ( I I  

14 CONTINUE 
C 
C P R I N T  F MATRIX I F  REQUESTED 

C 
I F  IPRTZ.EQ.11 CALL MATPRT (NDIM,F,N,NCASE,NTITLS.NTITLE,FMTLE,FMT21 

RETURN 
END 

SUBROOTINE h R I T 1 4  I N O I M I M A T R I X , N I N X ~ , N X ~ ~ M A T N O ~ B U F F E R ~  
DOdBLE PRECISION MATRIX,EUFFER 
DIMENSION MATRIX (80383) 
DIMENSICN EUFFER(240 I 

REWIND 9 

I I E F T C  l G 0 0 O K  

C 

FE~IND 1 4  
DO 7 I = l r k  
READ 1 1 4 1  I E U F F E R ( J I ~ J = l ~ N X 3 1  
GO T O  ( l r2131.MATNO 

1 DO 4 J = l , N  
4 BUFFERIJ ) = M A T R I X ( I . J I  

GO TO 6 5  

2 DD 5 J=l ,N 

5 ~ U F F E R L J Z I = M A T R I X I I I J ~  
J 2 = J + N  

GO TO 6 5  

3 DO 6 J.1.N 
J 3 -  J+NX2 

6 E U F F E R I J 3 ) = H A T R I X ( I , J l  

6 5  WRITE (91 (BUFFER(JI ,J= l ,NX31 
7 CONTINUE 

R E k I N D  4 
R E k I N D  1 4  
DO 8 I = l , N  
READ 191 ( E U F F E R ( J ) , J = l r N X 3 1  
WRITE ( 1 4 1  (BUFFER(JI ,J= l ,NX3I  

8 CONTINUE 
RETURN 
END 

SUBROUTINE READ14 (NOIM,MATRIX *N rNX2 r h X 3  ,MATNO.DUFFERl 
OOdBLE PRECISIUN C'ATKIX,EdFFER 

SIBFTC lOOOuL 

DIMENSION MATRIX (80,801 
DIMENSION eUFFER(240)  

C 
REdiIND 14  
00 7 1=1,N 
R:k3 ( 1 4 ;  I d O F F E R ( J I , J = l r N X 3 )  
LO Ti. (i,2~;,,?4AThG 

1 DO 4 J-1.N 
4 M A T R t X ( I , J ) = t U F F E R ( J  1 

GO TO 7 
2 DO 5 J=l.N 

J2=J+M 
5 M A T R I X l I r J I = E U F F E R I J Z )  

GO TO 7 
3 DO 6 J=l .N 

J 3 =  J+NX2 
6 M A T R I X ( I , J ) = B U F F E R ( J 3 I  
7 CONTINUE 

RETURiu 
END 

SUaROLTlYE V E C P R T ( N O I M r A ~ N ~ F A I T )  
DOUBLE P R t C I S I O N  A 
DlMENSlOlr  A I N D I M )  
DIMENSION F H T T ( 2 4 1  
WRITE 16,FMTT) 
5.0 3 J=lsN,S 
k=J 
i;K=J+4 
I F  LKK.Lt.iu1 (li; TD 3 
KR=d 

I 0 0 1  FORMAT (1H 14,ZH = 016.8, 
1 I 4 3 2 H  = D16.8, 
1 1 4 r 2 H  = 016.8, 
1 1 4 9 2 H  D16.8, 
1 1 4 ~ 2 H  = D16.8) 

SIEFTC 1L013M 

3 WRITE ~ 6 ~ 1 l J 0 l l ~ K ~ A L K l ~ K = J ~ K K l  
RETURN 
END 

SOBROUTINE MATPRTINDIM,ArN,NCASE 
DOUBLE PRECISION A 
REAL N T I T L E  
DIMENSION N T I T L E  172,101 
DIMENSION AINDIM,NDIMl 
DIMENSION F M T T ( 2 4 )  
CALL T I T L E  (NCASE.NTITLS.NTITLE1 
WRITE (6.FMTTI 
DO 3 I = l i N  

1 0 0 0  FORMAT 16HO ROY.13) 
IURITE 1 6 ~ 1 0 0 0 1 1  
DO 3 J=l.N,5 
K= J 
KK=J+4 
I F  (KK:.LE.NI GO TO 3 
KK=N 

1001 FORMAT I 1 H  14,2H = D16.8, 
1 I 4 9 2 H  = 016.8, 
1 I 4 9 2 H  = 016.8, 
1 1 4 3 2 H  = 016.81 
1 1 4 1 2 H  = Dl6.81 

S l B F T C  lOOOON 

3 WRITE ~ 6 ~ l O O l l ~ K ~ A ~ ~ ~ ~ ~ ~ K ~ J ~ K K l  
RETLRII 
END 

SUBROUTINE DINVRT I N D I M ~ A ~ N O R D E R ~ B ~ M O R D E R ~ D E T E R M ~ S l ~ 5 L l  
DOUBLE PRECISION A I B I D E T E R M , S ~ ? A M A X $ T , ~ W A P  

SIEFTC l O O J U 0  

C 

,NT I TLS I NT I TLE * FMT T I 

T 



RATRIX I:4VERSl(lN N I T H  ACCOMPANYlhG LOLUTION UF LINEAR CQiLiATlUilla 

DI MENS ICE! A I ND 114 7 NO1 til 1 I 5 I ND I N ,  2 1 

PIVOT=S2 
I P I V O T = S l  
INOEX lN ,1 )  = S 1 l l N + 1 1 - l Z N ) )  
U i ! 4 ~ N S I C N  5112) , 5 2 1 2 )  
INTEGBP. Z l r Z 2 9 S l  
EPUIVALEKCE !IROw,JROiVI, ( I C O L ~ M I J C O L U M I ~  (AMAX, T t  SWAP) 

10 DETERH=l.ODC 
N=NORDER 
M=MORDER 

1 5  DO 20  J = l , N  
2 0  S l I J 1 = 0  
30 DO 5 5 b  I=l,N 
3 1  Z l = I + N  
3 2  Z Z = Z l + h i  

5 0  
6 0  
7 0  
80  
R5 

SEARCH FOR P I V O T  CLEMENT 

4 0  AMAX=U.ODO 
4 5  DO l i 5  J - l s N  

I F  I S 1 l J l . E Q . l )  GO T O  165 
DO 1CG K=l ,N 
I F  (S1lKl-11 80,100,740 
I F  l A @ S l A M A X I - A B S l A l J ~ K C ) ~ ~  8 5 ,  1 0 0 1  1CC 
IROW=J -. 

9 c  
9 5  

100 
1 0 5  
1 1 0  

c 
C 
C 

1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 7 0  
1u0 
2 0 5  
210 
2 2 0  
2 3 0  
250 
2 6 0  
2 7 0  
310 
3 2 0  

C 
C 
C 

3 3 0  
3 4 0  
3 5 0  
3 5 5  
3 6 0  
3 7 0  

C 
C 

c 
3 8 0  
3 9 3  
400 
420 
4 3 0  
4 5 0  
4 5 5  
460 
5 0 0  
550 

C 
C 
C 

bu0 
6 1 0  
611 
612 
6 2 J  
635 
6 4 0  
6 5 0  
660 
6 7 0  
7 0 0  
7 0 5  
715 
7 4 0  

5DATA 

INTERCHANGE ROdS TO PJT PIVOT ELEMENT ON DIAGONAL 

I F  IIROI.EQ.ICOLUM1 GO TO 2 
DETERM=-DETER94 

!6U 

D I V I D E  PIVOT ROZ BY PIVOT ELEMENT 

A I I COLUM, I COLdM) =l.ODO 
DO 3 5 u  L-1.N 
A(ICOLUM.LI=AlICOLUMrLl/SZl 
I F  1M.LE.O) GO TO 3 8 0  
DO 3 7 0  L l 1 . M  
~ I I C O L U M , L I = ~ ~ I C O L ~ M . L ~ / S Z I  

REDUCE NCN-PIVOT RCWS 

DO 5 5 1  ~1.1.N 
I F  1Ll.EQ.ICOLUM) GO TO 550 
T = A l  L 1  .IC3LUMl 
A I L l , I C O L U M I = d . i  
DO 45r. L I 1 . N  
A l L l ~ L ~ = A l L l ~ L ~ - A I I C O L U M ~ L l * T  
I F  1M.LE.O) GO TO 5 5 0  
DO 5 0 0  L=l ,M 
8lL1~L1=BlLl,L1-B(ICOLUM~LJ*T 
CONTINUE 

INTERCHANGE COLUMNS 

30 71"  I = l v N  
L = N + l - I  
L l = L + N  
L c = L ? + N  
I F  I S 1 l L 1 I ~ E P ~ S l l L 2 1 ~  
JROi=Sl(ClI 
J C O L U K = S l l L 2 1  
DO 7 L 5  K = l , h  
SkAP=A(K,JROdI 
AIK,  JROYl =A1 K, JCOLUM) 
ALK,JCOLUMl=SIAP 
CONTINUE 
COKTINLIIE 
RETURN 
END 

GO 1 '0 7 1 0  

T TENPERATUhE DISTEIBC'T!ON OF A h  L-SHAPE STEP CAVITY 
T STEP R I S t R = Y ,  STEP TREAD=X 

LOCAL RADIAl lOiU E U I L I U P . I J M  TEXPERATLXE5 I N  
DOBC0,R.P.. ALLENY,G.E., AND OTHMEH.?,r.~ 
AEROSPACE TECHNOLOGY RESEARCH REPORT, 
SSD 6v475R REPORT NUMBER 1 7  DECEMGER 1 9 6 6  
HUGHES AIKCRBFT CJMPANY 
aPACC bYaTEHS D l V I s i U i ~ l  
LOSAKGELESr CALIFORNIA 

>EN1 CRAY 

C 
C REF. 3, GCECO. R.P.9 RADIATION FROM A DIRECTIONAL SOURCE, BEAM 
C DIVtRGENCL I N  SOLAR SIXULATORa, J. EN'UR. FOR POWER, TRANS.ASME? 
C SCR-A, t O L . 8 7 ~  NO 3, 1 9 6 5 9  PP.259-269. 
C 
C FIGURE 1. TEMPERATURE D I S T R I S U T I O N  OF AN L-SHAPE, Y = 2 X  
C 1 2 3 4 5 6 
C234567690~23456769Gl234567d9012j4j6769012~4567890~23456769~~2345b7~9~~2 

7 

F12,51= .G891;7 
FLZ,61= ,11475 

c 
C 
C 

THETAI l I=O.u 
THETAlZI=O,O 
T H E T A I ~ I = O . V  

C THETA14)=0.0 

E I R l 1 ) = 0 . 9 0  
E I R ( 2 1 = ~ . 9 0  
E I R 1 3 ) = L , 9 u  

E I R l 4 ) = 0 . 9 ~  
E I R 1 5 ) = ~ . 9 2  
ail 1 6  1 =3.93 

5 T 



EIRc71=c.91 
E IR18)=0 .9L  
E I R ( 9 1 = 0 . 9 3  
E l R l l u ) = L * 9 d  
E I R l I l l = u . 9 C .  
E IRL  1 2 1 = 0 * 9 b  
E IR1131=1 .u  

E b O L I l l = u . 1 8  
E50L I21=0 .18  
ESOL l3 l=b .18  
E S O ~ 1 4 l = r . 1 8  
E50L151=2.18 
ESOL(6 l=u .18  
ESOL17I=D.18 
E S C L ( 8 l = i . l 8  
ESOL191=U.18 
EBOL1101=3.18 
E S O L l l l ~ = O . 1 8  
ESOL1121=U.16 
C S O L ( 1 3 I = l r C  
CT1131=-459 . i  
END OF B A L I C  DATA 

C 

T CAbE 1, Y=2x AhD WHITE PAII.IT atiRFACE 

C 

C 

THE RESULTING TEMF 
CASE 1 
DEG F 

T ( 1 1  66.24 
T 1 2 1  49.2U 
T l 3 1  39.89 
T141  34.11 
T ( 5 1  12.79 
T ( 6 1  -27.19 
T i 7 1  -62.91 
TL81  -94.37 
1 1 9 1  -121.45 
T I 1 0 1  -140.5b 
11111 -164.12 
T1121  -180.92 
1 1 1 3 )  -459.00 

'ERATUhE5 
CASE 4 
GEG C 
1 9 . ~ 2  

9.56 
4.38 
1.17 

-10.67 
-32.89 
-52.73 
-7C.2b 
-85.25 
-98 .L5  

-1U8.96 
-1 18.29 
-272.78 

AKE 

A CJNSTAi*T TE,;iEi?ATuRE I'iCGE 

EIR(B)=U.lI, 
E I R 1 9 l = O . l C  
E I R ( l i l = u . l u  
E I R ( l l I = O . l O  
E IR1121=~2 .10  

E b O L I l l = C . 2 O  
EsOL lZ I=U.Zu  
ESOL(31=C.20 
ESOL l4 l=U.2b  
E5OL151=C.2L 
E S O L 1 6 1 = 6 . 2 ~  
E S O L 1 7 1 = ~ . 2 u  
ESOL l8 l= t i . 2U  
ESOL19)=0.20 
E50L1101=0.20 
ESOL1111=0.20 
ESOL(121=0.20 
END CF CASE 

B O i T i = . 5 6 7 5 7 3 8 B j 5 1 0 - 1 1  
AKSCVi\i=273.3333333333 
SJLCCN=.13943G9344 
? I lTER=20  
CT1131=-272 .7777777777  
F R I N T i l O l = l  
END CF CASE 
END OF FROBLEM 

C 

T SAi.iE A s  CASE ONE OUT n i T H  CIFFERENT uNITJ, I * A T l $ ,  iM, 3CG C l  

* EL)F 



A area 

EIR, E infrared emittance 

ESOL, a! solar emittance, equal to the solar 
absorptance 

F form factor 

8 total radiation conductance, including 
multiple reflections 

angle from the normal of a surface to 
the sun 

radiant flux per unit area on a surface 

6’ 

G 

L radiosity or flux density streaming away 
from a surface 

P power or electrical dissipation 

Q radiant flux 

SOLCOW, S solar constant 

T temperature 

p reflectance equal to 1 minus the 
emittance 

u Stefan-Boltzmann constant 
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